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THE EFFECT OF INVENTIONS ON THE 
PEOPLE'S LIFE. 

The material world has advanced so rapidly during 
the last half century, and with a pace so accelerated, 
that mankind has almost lost one of its most important 
faculties, and one essential to happiness—that of sur- 
prise. The nil admirari faculty is attaining a wide 
spread. The most marvelous developments are taken 
as a matter of course—the condition of things fifty years 
ago is seldom pictured to the mind—and all the mate- 
rial blessings which we now enjoy are used as conveni- 
ences of daily life, and no more. Formerly there was 
an idea prevalent that surprise and astonishment were 
emotions of the ignorant. To-day they are rather 
emotions of the scientist. The educated engineer can- 
not without such emotions contemplate the insignifi- 
cant feed wire of a trolley road carrying silently hun- 
dreds of horse power to points all along the line—he 
cannot without these feelings contemplate the electric 
motors, drawing power in proportion to the work 
they have to do, allregulated by the automatic govern- 
ment of counter-electromotive foree—he cannot see the 
unstable though gigantic ocean liner filled with every 
refinement of electrical and mechanical art, all working 
perfectly on their never quiet, never level platforms—he 
cannot follow the construction of a cantilever bridge 
with the ensuing changes from compressive to tensile 
stress and the reverse, as the span is completed—these 
things all excite in him such emotions that he cannot 
observe them and know them without a feeling of true 
astonishment at the achievements of mankind. 

Our other columns at once, in their fullness and neces- 
sary and inevitable inadequacy, bear testimony to the 
status of our age. They are filled with most interesting 
matter from the pens of specialists. Yet in spite of the 
special competency of their authors, all acknowledged 
authorities—notwithstanding the pages of matter and 
quantities of illustrations—we feel that the task of tell- 
ing about the progress of a lifetime can at the least be 
only inadequately performed—so much has been 
done. 

The temptation is to consider the greater things, to 
contemplate the 600 foot steamer crossing the Atlantic 
through storm and sunshine—the open hearth furnace 
with its tons of steel, fluid as water and resembling 
molten silver—the immense steam engine and great hy- 
draulic power plant. But we may usefully leave for 
the moment the monumental works of the last half 
century and see what changes have been effected in our 
daily life by the movement of progress. 

The steam engine has been greatly improved, and in 
the articles on naval progress and the locomotive 
much will be found on its development. The Corliss 
valve motion and the compounding of cylinders, lead- 
ing to more perfect expansion and a longer range of 
working temperature limits, have brought about great 
economy so that one-tenth the fuel will do the same work 
as compared with many engines of the middle of the 
century. In details, such as the supply of water tothe 
boilers by injectors and inspirators, doing away with 
the feed pump, the machine stoker for supplying fuel, 
and the feeding of oil drop by drop tothe cylinder, the 
drops passing through a glass tube so as to give sight 
feed lubrication, the steam power plant has had 
many and great developments. 

The machine shop has not been neglected, and 
America can boast of the finest machine tools, for wood 
and metal, such as automatic lathes, milling machines 
and shapers, that the world can show. The develop- 
ment of abrasives, emery and carborundum, has made 
the emery grinder a necessary tool in every machine 
shop. The miner even shares in the advance, special 
machinery for extraction of ore, for undercutting and 
drilling being invented, while modern explosives of 
graduated power and quickness make the work of plac- 
ing shots much safer. Compressed air has been used in 
some classes of underground work, but electricity is 
making its presence felt there also, and electric ma- 
chinery for tunneling and mining is in extensive use. 

The werk of St. Clair Devilletin the days of the last 
Napoleon have borne fruit, and now aluminum has a 
recognized place among commercial metals. In its re- 
duction the electric furnace and the electrolysis of 
fused salts have been tried, and the cheapened produc- 
tion of sodiam has had its effect on the cost of produe- 
tion. 

The lightness of the metal led to hopes that it might 
lead to the construction of a flying machine. The 
development of the laws of moving aeroplanes have 
given a better basis perhaps in this direction than any 
preceding work, and the theory of the internal energy 
of the atmosphere gives a possibility of the solution of 
the problem of soaring flight. Yet very little has been 
really accomplished, although more has been done dur- 
ing the last five years to raise the rational hopes for 
true mechanical flight than during the fifty years that 
preceded. 


Food for the family is now procurable in endless 
variety, independent of the season of the year. The 
enormous development of the canned goods industry, of 
cold storage and of cheap transportation makes the 
salmon of Oregon, the delicate fruits of California, and 
the vegetables of the West familiar to the residents of 
the most distant cities. The winter kitchen can have 
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every summer vegetable, and the feats of the Romans in 
supplying the tables of its emperors are daily surpassed, 
only it is now done for the benefit of the poor. Even 
in the treatment of food, notably of the cereals, there is 
great advancement, and the roller mill turns out flour 
of greatly improved quality, and with larger yield from 
the grain than was done by the old grist mills. 

In the matter of the transportation of water the most 
impressive achievements of engineering are executed in 
order that at the turning of a kitchen faucet water may 
flow into the kettle of the cook. The contrast between 
old and new methods is nowhere more forcibly pre- 
sented than in the two Croton aqueducts—one of the 
year 1842, following approximately a contour line from 
the Croton Lake to the Central Park, New York, its 
path being traceable from the surface over nearly all 
its extent—the new one of 1890 driven deep underground 
wherever possible, as a matter of preference, and built 
without surface disturbance except at the shafts and in 
one or two difficult places. To supply cities with water 
through such aqueducts, great dams are built or 
natural lakes are utilized. The fact that the lake or 
dam is to be fifty or more miles distant plays no part. 

Perhaps the manufacture of shoes supplies as good 
an illustration as any of the substitution of factory for 
hand work in supplying domestic wants. The Ameri- 
ean shoe factory with its workshops filled with ma- 
chinery and with trained operatives, each practiced in 
performing one single operation, using ingenious sew- 
ing machines, producing welt shoes or shoes without 
welt, sends its products to all parts of the world, and 
the hand made shoe is used less and less. 

Foremost among the developments of the last half 
century is the India rubber industry. The discovery 
of the vulcanization of India rubber at once brought 
into the realm of practical uses a unique material, 
India rubber. At first it had been unsatisfactory, 
subject to change of qualities and uncertain in every 
way and affected by variations in temperature. But 
Goodyear's great invention of vulcanization produced 
a new and wonderful material, which has affected 
every department of modern life, and which, as not the 
least of its achievements, has created the modern pneu- 
matic bicycle. It is hard to believe that this invention 
only goes back a little over fifty years. 

In the march of progress the farmer has participated: 
Reaping, mowing, raking, harvesting, plowing, and 
cultivating, form but an incomplete statement of work 
now executed for him by machinery. Steam has long 
been used to do his work—now electricity is stepping 
in to his assistance, and we find an electric plow under 
trial. Patent churns, centrifugal and deep pan cream 
separators make his dairy work easy, and it is further 
simplified by the creamery to which he delivers his 
milk for butter and cheese making by machinery. To- 
day America exports cheese in enormous quantities, 
and many a tourist has eaten in foreign lands, under 
foreign titles, cheese from «heese factories of the Empire 
State. 

The stock farmer who raises cattle for market to sup- 
ply meat is not neglected. His market has expanded 
enormously, until the “ roast beef of old England” has 
to be supplied by countries thousands of miles away 
from London. Cattle ships, which in all their appoint- 
ments represent the finest marine engineering, receive 
them and they are dispatched across the ocean with as 
little concern or uncertainty as if it were a ferry which 
was to be crossed. The docks on the Thames receive 
steamer load after steamer load of cattle for the supply 
of the great metropolis and of the country at large. It 
really seems as if, without modern improvements, the 
world would have to go unfed. It would be fairer 
to say that it is the concentration of population 
in such centers as London and New York which 
has made it necessary to provide food supply by 
such methods. Under the conditions of former days, 
in a society more in accord with Mr. Ruskin’s ideas, 
we might find the cattle ranges dotted with little vil- 
lages, and London as yet not unified and consolidated, 
its constituent settlements still having independent ex- 
istence. At present it is-the other way, and there are 
in the West, deserted cities whose inhabitants were un- 
able to resist the tendencies of the day. The cattle 
trade and food supply systems indicate the tendency of 
the world toward life in great centers of population. 
The deserted farms of New England, like the deserted 
cities of the West, tell the same story. 

There is often a companionship in disease and its 
remedy. Cities grow large, and dwellers in the suburbs 
identify themselves with the metropolis. For their 
benefit special rapid transit methods are developed. It 
is very few years since the horse car was welcomed by 
the American city as an improvement on the old rat- 
tling omnibus. The writer recollects the day when 
there were many omnibus lines in New York and when 
the horse railroads of Philadelphia were an object of: 
pride and rejoicing. Now all is changed. The horse 
railroad is archaic, and with a few exceptions in the 
way of compressed air, steam and electric motors, tran- 
sit within city limits is done by central station methods. 
The city resident who desires to see the finest example. 
of steam engineering has but to visit the power plant 
of his municipal railroad. The maintenance day after 
day and month after month of the great cable roads of 
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New York and other cities is a wonderful triumph of 
-ngineering practice. _The electric trolley road is, how- 
_ver, the most powerful of these factors in what we 
cave alluded to as the work remedial of the ills of mod- 
yn centralization. From the central stations it sends 
:s power lines in all directions through the suburbs of 
ities, and at almost nominal charge carries passengers 
or miles at a speed of ten to twenty miles an hour or 
nore. The city worker is no longer obliged to live in 
losely built up streets. The cars escape to the region 
green fields. The trolley may yet modify cities until 
hey become centers of work and not of residence. 

The trolley line with single overhead wire and rail 
nd ground return is not a satisfactory thing. Much 
iamage has been done by escape, or rather branching, 
f current from its rails. The underground trolley has 
en in use on a couple of roads, one in Ireland and 
one in Hungary, but only recently has it been intro- 
duced into America. The cities of Washington and 
New York have excellent examples of it. As it avoids 
‘ie unsightly aerial wires, with attendant dangers, and 
.s the underground system has two insulated conduct- 
ors, avoiding destruction of pipes by electrolysis, the 
iext wishes of civic engineers should be extended to it. 

The self-contained motor car which can work inde- 
pendently of any central station is still in embryo. 
Many are in use, especially in Paris, but they are few in 
j:umber compared to the central station car lines. A 
car motor needs such an exceptional reserve of power 
that the problem of devising an adequate motor for it 
is far from easy. The storage battery, for which such 
boundless fields of utility are open as soon as it shall 
become lighter and more practical, has been tried on 
street cars and operates a number to-day. The explo- 
sion oil engine may yet solve the problem. Hitherto 
the weight of the motor mechanism and the difficulty 






dustrial conditions may yet be gravely modified by the 


Scientific American. 


possibility of economica'ly producing small units of 
power with small investment of capital. 

While this indicates the possibility of the division of 
industries into small units, we are confronted on the 
other hand by immense industrial settlements, the 
tendency of the day having brought about consolida- 
tion of interests. Thus we have the car shops of Pull- 
man, Ill, supporting a city. We see the great Carnegie 
Iron Works, at Homestead, Pa., covering 110 acres of 
ground and employing 8,000 men, a veritable indus- 
trial army, beyond the imaginations of the past genera- 
tion. 

Formerly watches and clocks were individual crea- 
tions, the tradesman turning out the finished product 
from his little shop. Now the great factory produces 
them, employing every refinement of automatic ma- 
chinery and specialized labor, the principle of inter- 
changeability affecting the product to the last degree. 
The foreign industry has been profoundly affected. and 
the New England timekeeper equals in quality the 
best hand-made product of an earlier day. 

Our theme in this retrospect has been the wonder of 
it all, and in that wonder every few years an awakening 
is observed which finds expression in what has become 
an institution of the last fifty years—great expositions. 
Started in England by Prince Albert, the Consort of 
Queen Victoria, with the World’s Fair of 1851, held in Lon- 
don, every few years. have witnessed the inauguration of 
a new exposition. After having been started as world’s 
fairs and exhibitions of the industry of all nations, they 
have become differentiated and special exhibitions 
have been prepared, covering either special articles or 
special countries, and lately these exhibitions have 
been very numerous. But the long series is punctuated 
throughout at intervals of a few years by real world’s 








fairs, each one in splendor and completeness striving 
to outdo its predecessor, until, in 1893, at the great 
Western metropolis, all former efforts were eclipsed by 
the Columbian Exposition, designed to commemorate 
the discovery of America by the great Genoese. It was 
an exposition where a mingling of history and art led 
to the erection of the most magnificent group of build- 
ings and architectural trophies that the world has ever 
seen—where the water from the lake made easy the in- 
troduction of water into the scene, which water, circu- 
lating in beautiful lagoons, was traversed by the Vene- 
tian gondola, the relic of past centuries, and by the elec- 
tric launch, the production of the very moment—where 
the most beautiful art products of the world were fairly 
rivaled in interest by the trophies of the mechanics’ 
and technologists’ art—where in the reproduction of 
the features of life in foreign lands the human element 
was made to vie in interest with all the rest. The 
great fair ended, far outdoing anything that the world 
had ever seen. The destruction of its buildings by fire 
formed a fitting culmination of its necessarily short life. 
It is hard to be believed that it will soon be surpassed. 
It seems to represent the proper ending of the nearly 
fifty years period during which such fairs have been held. 


THE PATENT SYSTEM. 

Up to the end of the year 1845, 3,873 patents had been 
issued by the Patent Office of the United States. When 
the year 1895 closed its course, the number was 531,619, 
a wonderful tribute to the inventive genius of the 
American people and more wonderful because out of 
this great number comparatively few were issued to 
foreigners. The largeness of the number is a tribute to 
the far sighted liberality of the patent statutes, origin- 
ally established by our forefathers in the days when the 
individual counted for far more than in the present day 
of fierce competition and wealthy combinations of capi- 
talists. Even in those days, it was recognized that the 
individual inventor required the festering protection of 
the law, and it was known that the best. possible policy 
for the country was to grant him this protection for the 
enrichment of others and for the good of the country at 
large. In the first days of the republic exceedingly few 
patents were granted, but about 1845 the system was in 
full operation and the American nation already began 
to be noted for its inventive powers. The training of 
years of privation and isolation which characterized 
life in the sparsely settled region had caused the Ameri- 
can people to be self-reliant. A farmer separated 
many miles perhaps from the blacksmith shop, with 
absolutely no machine shop within reach, with carpen- 
ters and other tradesmen few and far between, learned 
to do everything himself, and it was unquestionable 
that in these early days the farmers of America display- 
kas and oil explosion engines, In these we havea long|ed a high order of constructive and mechanical skill 
range of temperature change acting to reduce the low | and a quick adaptation to circumstances that have now 
economy. due to the second law of thermodynamics. |imprinted themselves upon the entire American peo- 
"hese machines are now made without ignition tube, |ple. To-day the farmer has complicated machinery to 
lame or electric spark igniter, and, as they operate | take care of, and he does it successfully ; small repairs 
‘ithout boiler and require searcely any attention, they | he executes himself, and in him is found the true ma 
«0 far to bring power within the use of all. Ericsson, | terial that inventors are made of. 

Koper, and others have done well in a parallel line of} The American race seeming by the force of circum- 
‘ork with hot air engines, and the entire subject of | stances to be destined to be mechanical, have developed 
‘‘splacement of the steam engine is affected by them among themselves a special genus or race, that of inven- 
“+ well as by electrie motors. These smaller motors, be | tors, men who have been termed by the courts of highest 
“use they require so little plant, are now entering into | standing who in their work exercise the 


of establishing a sufficient reserve of power are the dif- 
ficulties to be overcome. 

We have already alluded to cold storage. Another 
domestie use to which the science of the day has been 
devoted is the production of ice. Ice formerly was har- 
vested entirely from natural sources. Now it is made 
artificially in great quantities, and every first class 
ocean steamer or large steam yacht can make its own 
ice and cool its own refrigerators. In southern regions 
this art makes itself most directly felt, for Florida need 
no longer import ice from Maine. It can be made by 
machinery in quantities required for daily consumption. 

The business man and the litterateur, even the news- 
paper reader, share in the advanee. Quick processes of 
illustration have changed the daily journal into an il- 
lustrated publication, and color printing is used in it, 
as el! as for works of the highest art. 

lhe typewriter, a product really of the last twenty 
years, has effected a perfect revolution in the old time 
secretary's art. There is no longer the striving after a 
legible hand of definite style, but the even work of the 
typewriter makes the handwriting of a secretary a 
thing of no importance. The typewriter brings the 
writer's art in close juxtaposition with that of the 
printer, and, following out the analogy, we find the 
modern printer in possession of machines for composing. 

It has long been a dream with inventors to do away 
with the hand composition. Early in the fifties Wil- 
liam Mitchell's type-setting and distributing machines 
were experimented with at the Trow printing office, in 
this city, and were used for some years there. Other in- 
ventors attacked the problem in other ways; some de- 
voted their efforts to the production of a matrix, by 
means of which a stereotype or electrotype could be 
produced. At last the idea of a matrix-setting in 
contradistinetion to a type-setting machine occurred, 
and a complicated and highly ingenious machine was 
invented for carrying out this idea. This machine, the 
Mergenthaler, so called Linotype machine (which might 
more properly be written Lineotype), set, by means |. 
ofa key-board, individual letter moulds or matrices. 
For justification, wedge-shaped spaces or quads were 
used. These were inserted between words, and when 
the line was nearly filled and a syllabic division or end 
of a word was reached, the line was completed by 
thrusting in the wedges. This accomplished the miss- 
ing function of preceding machines—the machine did 
its own justification. When a line of moulds were set 
up the casting of metal against their faces was auto- 
matically done, and a “slug” of one complete line of 

text resulted. Quantities of printer's work is now done 
on machines of this class. It marks the solution of a 
problem of four centuries’ 

\ very important line of work is in the field of the 




















define; and it is this race of inventors who spend their 
lives far too often in perpetual striving and in poverty, 
while really working for the good of humanity, in the 
simple hope that their efforts will be appreciated by 
the cold business sense of mankind and that the seifish 
interest of the world will give them their reward. 
They and their work are the constant exponents of the 
theory of the patent statutes, a theory littie understood, 
and one which it seems as if the very courts of law 
themselves sometimes fail to grasp, and for whose en- 
lightened elucidation the decisions of old time judges, 
the ornaments of the American judicial bench, can be 
appealed to with the certainty that the inventor will 
there receive his due. 

The theory of the patent law is simple. The coun- 
try is enriched by inventions, and offers for them a 
small premium ; this premium is a seventeen years’ 
monopoly of their fruit—no more, no less. Having pur- 
chased the invention for this insignificant price, the 
purchase is consummated by the publication in the 
patent records of the details of the invention, sc that he 
who runs may read. The whole thing is a strictly buai- 
ness transaction, and this character is emphasized by 
the fact that the inventor is required to pay for the 
clerical and expert labor required to put his invention 
into shape for issuing. His patent fees are designed to 
cover this expense, and do so, with a considerable mar- 
gin tospare. Thus the people of the United States are 
perpetually being enriched by the work of inventors, 
at absolutely no cost to themselves. 

The inventor does not work for love nor for glory 
alone, but in the hopes of a return for his labor. Glory, 
and love of his species, are elements actuating his work, 
and in many cases he invents because he cannot help 
himself, because his genius is a hard task master and 
keeps him at work. But none the jess, the great in- 
citement to invention is the hope of obtaining a valua- 
ble patent, and without this inducement inventions 
would be few and far between, and America would, 
without the patent system, be far in arrears of the rest 
of the world, instead of leading it, as it does to-day. The 
few pregnant sentences of the patent statutes, sentences 
the force of whose every word has been laboriously ad- 
judicated by our highest tribunal, the Supreme Court 
of the United States, are responsible for America’s most 
characteristic element of prosperity, the work of her 
inventors. 

It would be idle to attempt to recapitulate here the 
great inventions of the last fifty years, for their name is 
legion. Morse’s unequaled work in telegraphy, Reis’ 
pathetic struggle to invent the telephone ; the develop- 
ment of the dynamo by a host of ingenious inventors ; 
the development of the compound and multiple expan- 
sion steam engine from the engine of fifty years ago, 
which was practically what was left by the great in- 
ventor Watt from the last century ; the unequaled in- 
ventions in the world of steel, in bridge building and in 
naval engineering ; the sewing machine ; typewriters ; 
these and myriad others will occur to the reader of our 
columns, and from the contemplation of it al! but one 
moral can be drawn, one lesson deduced. We are in- 


debted for most of this progress to the patent system. 


America’s progress is a direct plea for the protection of 


the inventor. 


Take away from the inventor the pecuniary reward 


of his invention, and what stimulus is there, especially 
if he be a poor man, for him to devote his time and 
energies to the development of his ideas? Those who 
read in these pages of the struggle against poverty of 
Morse and Howe and Wilson and a score of others 
while they were developing their inventions, wiil un- 
derstand that finally these men received the reward for 
their unswerving devotion to their work. 
machine industry is a case in point ; while the patents 
remained in force, the business was enormously profita- 
ble, and these machines of American invention were in- 
troduced all over the world. Several of the large com- 
panies have taken up the manufacture of bicycles, 
while others have been forced into bankruptcy. 


The sewing 


If the American patent system be changed in any way, 


the path of the inventor should be made an easier one 
and his rights should be more sedulousiy guarded than 
ever. The work of invention is going on in ail lands, 
and any cessation in activity on the part of the Ameri- 
can inventor will go to reduce America’s rank in the 
world of nations. In the present epoch, a very short 
period will be required to leave us hopelessly distanced 
in the competition. Any blow at her inventors will be 
a blow at the very heart of America’s industria! life and 
material and intellectual prosperity, and it is hard to 
believe that such a blow will ever be given. 


The following figures give an idea of the development 


of American inventions during the past fifty years - 





undefinable qrality of invention—the most difficult 
statutory requirement which the courts ever have to 


‘he daily life of the individual. They are used in small 
‘nachine shops, small boats are driven by them, and in- 
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THE TRANSATLANTIC STEAMSHIP. 
In tracing the history of the part played by the 





| 


was designed by that distinguished engineer Brunel, 
and, like many other of his creations, marked a great 


United States in the development of the transatlantic | advance upon anything previously attempted. She was 
steamship during the past fifty years, it will be a par- | approximately a 3,200 ton vessel, and therefore as large 
donable inconsistency to run back some seventy-five | again as any transatlantic ship of her day. Her length 
vears to an earlier date and make mention of the first | was 322 feet, beam 51 feet, and her depth 32 feet 6 


steamship that 
American-built Savannah 


wade the transatlantic passage—the | inches. 
During the latter part of | the value of screw propulsion by discarding the paddle 


Brunel showed his far-sighted appreciation of 


May, in the year 1819, this little craft of about 350 tons | wheel and fitting her with a screw propeller ; and by 
sailed from Savannah, Georgia, and, after a prosperous | the substitution of iron for wood, and the screw for_the 
idle wheel in this one ship, he introduced two fac- 


voyage of 28 days, lasting from May 22 to June 20, she | pac 


anchored in the Mersey, having made use of 
steam for eighty hours of the time occupied 
by the trip to Liverpool. She was built on 
the East River, New York, and was origin- 
aily designed as a sailing packet ; and, if we 
may judge from the old engravings, her sail 
plan does not appear to have been cut down 
to any extent after the engines were intro- 
duced. This latter work was done at Savan- 
nah, Georgia, where she was prepared for her 
new venture by her owners, William Scar- 
borough and others. The engines were direct 
acting, and the paddle wheels were so con- 
structed that in stormy weather they could 
She had 


stowage capacity for 70 tons of coal and 25 


be unshipped and stowed on deck. 


cords of wood 
The distinction of having built the first 
steamship that ever crossed the ocean, pro- 
pelled ali the way by steam, belongs to the 
western world. The feat was performed 
by a Canadian-built vessel, the Royal Wil- 
am, whieh, in 1833, made the passage from Quebec to 
ondon. This performance, together with the passage 
of the steam-equipped Savannah, fourteen years be- 
fore, makes it evident that the credit of originating trans- 
atlantic navigation should be accorded to the New 
World. It was fitting and natural that it should be so. 
River navigation had preved so successful that the 
steamship builder naturaily turned his thoughts to the 
ocean, and it was a logical step from the prudence 
which made only a partial introduction of steam in the 
Savannah to the more ambitious attempt to equip the 
Royal William with steam power and fuel capacity 
sufficient for an entire passage 
The first American steamer built expressly for the 
Atlantic trade was the United States. She was con- 
structed New York by William H. Webb for the 
Black Ball tine of packet ships. Her first voyage was 
made to Liverpool in 1847, and lasted 13 days. She was 
a splendid steam vessel for those days, being of 2,000 
tons burden and measuring 256 feet in length by 50 
feet beam, and 3044 feet in depth. She has the distinc- 
tion of being the first merchant steamship constructed 
for naval use as a cruiser, provision being made for 
arming ber with two tiers of guns. Her life in the 
merchaut marine, however, was short, for, after making 
one round trip to Liverpool, she was purchased by the 
Prussian 
ernment for use 
in their navy 
as a steam fri- 
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at 


gOv- 


grate 
Following 
the United 


States came 
the Washing 
of 1,700 
the 


ton, 
tons, and 
Hermann, of 
1.800 tons 

built in 1847 to 
run between 
New York and 
Bremen; the 
Pranklin, of 
2,400 tons, built 
in 1848 to run 
between New 
York an d 
Havre, to 
which, in 1850. 

was added the 
Humboldt, of 
2.850 tone. 
These two 
ships were 
owned by the 
New York and 
Havre Steam 
Navigation 
Company, who 
received a sub 
sidy of $150,000 
a year for car- 
rying the mails 
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tors which have contributed immensely to the efficiency 
of the transatlantic steamship. An engraving and a 
detailed description of this remarkable ship is to be 
found in the first issue of the SCIENTIFIC AMERICAN, 
published by Munn & Company, a facsimile of which 
will be found on the front page of this issue. Her first 
passage was accomplished in 15 days, at an average 
speed of 9 knots an hour. 

Before passing on to a consideration of the ships of 
the celebrated Collins line, and by way of introduction 
to this distinctively American venture, it is necessary 
to linger awhile on the other side of the Atlantic, and 
take note of the origin and early development of the 
famous Cunard line, which was the first company to 
bind itself to maintain a regular service with fixed 
dates of departure from each side of the Atlantic. 
Briefly told, the story of the foundation of this great 
enterprise is as follows: At the close of the fourth de- 
cade of the century, a Mr. Samuel Cunard, of Halifax, 
Nova Scotia, who was conducting a mail service be- 
tween Boston, Newfoundland and Bermuda, received 
a copy of an Admiralty circular calling fortenders for a 
steam packet service across the Atlantic. Failing to 


get assistance in Canada, he crossed to Liverpool, where 
he fell in with Robert Napier, the engineer and ship- 
builder, and through him met George Burns and 





THE BRITANNIA— 1840 FIRST CUNARD STEAMSHIP—LEAVING BOSTON FOR LIVERPOOL THROUGH A CHANNEL SEVEN 
MILES LONG, CUT THROUGH THE ICE BY THE MERCHANTS OF BOSTON, FEBRUARY 3, 1844, 


It was during this decade that a ship was launched | David Maclver, who furnished the $1,350,000 required 
on the other side of the water whieh, although it does | capital. A seven years’ contract with the government 
not represent American development of the ocean | was forthwith signed, by which the company were to 
steamship, gave so powerfai a stimulus to ocean navi-| provide four steamers and dispatch one of them from 


gation that it claims a passing notice. 


first iroo transatlantic steamship, Great Britain. She 





This was the Liverpool for Halifax and Boston on the 4th and 19th 


of every month from March to October, and on the 





1847—THE FIRST AMERICAN STEAMER BUILT 
EXPRESSLY FOR THE ATLANTIC TRADE. TONNAGE, 2,000, 








4th of each of the four winter months. For this they 
were to receive $400,000 per year. 

The ships were of 2,050 tons displacement, being 207 
feet long, 344g feet broad and 224¢ feet deep. The 
engines were of 403 nominal horse power, and the coal 
consumption was 38 tons a day. They carried 640 tons 
of coal, 225 tons of cargo, and 90 first-class passengers, 
and their speed was 844 knots an hour. 

The Britannia, the first of the four ships, started on 
her maiden trip from Liverpool on July 4, 1840, and 
on July 19 was received in Boston with unbounded en- 
thusiasm. The new line was immensely 
popular with the Boston citizens, and when, 
in February, 1844, the Britannia was frozen 
up in the harbor, the merchants of Boston, 
at their own expense, cut a channel seven 
miles long through the ice to the open sea, 
through which the ship sailed on the ap- 
pointed day. This voluntary work cost no 
less than $20,000. 

During the ten years 1840-50 the Cunard 
ships held all but undisputed control of the 
steamship traffic between America and Eng- 
land, and it was the inroads which they were 
making upon the trade of the celebrated 
American clippers which, in 1845, led the 
owners to equip one of these vessels, the 
Massachusetts, with an auxiliary screw. In 
1847 the public enthusiasm in America was 
aroused by the dispatch of the Washington 
to Bremen by way of Southampton, on the 
same day as the Britannia sailed for Liver- 
pool. The Britannia won the race by two 
days. “‘The popular enthusiasm on the subject was 
sufficient to overcome the reluctance of Congress to 
grant a subsidy, and a company was formed under the 
management of Mr. E. K. Collins, of New York, to 
establish a line of American steamers between that 
port and Liverpool.” 

It was clearly foreseen that if the new American 
ships were to compete successfully against the power- 
ful and popular Cunard line of steamers, they would 
have to surpass the latter in both size and speed. 
Four ships were determined upon; and encouraged 
by a government subsidy of $385,000, and the pay- 
ment of $415,867 for carrying the mails, the company 
spared no expense to make them the finest specimens 
of marine architecture afloat. The splendid record of 
the Collins sailing ships made it certain that the model 
of the new ships would be suitable for high speed, and 
the design of the machinery was intrusted to Messrs. 
Sewell and Faron, chief engineers of the United States 
navy. Mr. Faron was sent to England to inspect the 
machinery and ascertain the boiler pressure of the 
largest Cunard boats, and on his reporting that they 
earried thirteen pounds to the square inch in the boil- 
ers, it was determined to give the new ships sufficiently 
larger engines, with the same boiler pressure, to insure 
their equaling the speed of the Cunard boats. The 

construction of 
the four ships 
was pushed 
through with 
all dispatch, 
and in 1850 the 
American com- 
pany had four 
ships afloat, 
which in size, 
speed, luxuri- 
ous accommo- 
dation, and 
general beauty 
of finish were 
admitted, uven 
by the ~val 
company, to be 
in advance of 
anything afloat 
at that time. 
Then began a 
fierce struggle 
* for the blue rib- 
bon of the seas, 
and the tri- 
umphs of the 
famous sailing 
ships of this 
company were 
repeated in the 
brilliant suc- 
cess of their 
steam fleet. To 
save time on 
the passage, 
the Cunard 
line ceased to 
call at Halifax ; but in spite of this they were easily 
and consistently beaten by their competitors. 

The Pacific of the new line was the first ship to make 
the passage from New York to Liverpool in less than 
10 days, her time during a passage in May, 1851, being 
9 days, 20 hours, 16 minutes, and in February of the 
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,ext year the Aretic broke the record by crossing in 9 
iays, 17 hours, 12 minutes. How complete was the 
upremacy of this line may be judged from the fact 
hat the average time of the Collins boats in crossing 
-om New York to Liverpool during the year 1852 
vas 1 day 6 hours and 18 minutes less than that of the 
ival line. The Collins line secured the larger share of 
he r traffic, carrying between January and 
vovember, 1858, 4,306 passengers, against 2,969 carried 
y the Cunard company. The illustration of the 
\retie herewith reproduced from Stuart's ** Naval and 
‘ail Steamers” was originally 
agraved from a daguerreotype, 
vhich was taken as she lay at 
er moorings at the foot of Canal 
treet, New York, and may be 
elied on as a faithful representa- 
on of these vessels. It will be 
oon that they were characterized 
the high freeboard which has 
Jways been an excellent feature 
\merican practice, and this, 

. doubt, contributed largely to 
‘heir seaworthiness and comfort 
i: heavy weather. The Arctic 
was 282 feet long by 45 feet beam 
and 82 feet deep, and her ton- 
nage was 2,860. The engines 
were of the side lever condensing 
type, with east iron beams and 
wrought iron columns and 
braces. The valves were of the 
balanee poppet variety. The 
boilers, which were specially de- 
signed by Mr. Faron for these 
boats, were square in cross sec- 
tion, and earried about 17 pounds 
of steam. To secure a powerful 
draught the smokestack was 
made unusually lofty, the top 
being 75 feet from the firebars. 
The average performance of the 
Arctic during February, 1852, was 
as follows: Boiler pressure, 16°9 pounds; revolutions, 15°8 
per minute ; coal consumption per day, 84°3 tons ; speed, 
316-4 knots per day. Her greatest day’srun was 320 
knots, at the rate of 13°3 knots per hour, a splendid 
record for those early days. The Collins venture, 
which opened so brilliantly, closed with disaster. The 
Arctic was sunk by collision in 1854, and went down 
with 520 souls. A vear later the Pacific left Liverpool 
ne o be heard of again. In spite of these losses, in 
the fo lowing year the company launched the Adriatic, 
of 4,144 tons, a superb vessel; but the persistent efforts 
of the Cunard company, who, in 1855, launched the 
Persia, a 3,870 ton iron steamer of about 14 knots speed, 
coupled with these heavy losses and the withdrawal of 
the government subsidy, finally brought about the dis- 
solution of this 
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our biggest ships by her huge proportions. Like the 
Great Britain, she showed the free hand and inventive 
genius of her designer. She was in every detail a 
splendidly built ship, both as regards hull and engines. 
Her dimensions were : Length, 680 feet; breadth over 
paddle boxes, 118 feet ; beam, 8314 feet ; depth, 58 feet ; 
draught, 30 feet; displacement, 32,160 tons ; tonnage, 
22,500; cargo storage, 6,000 tons; coal storage, 12,000 
tons; diameter of paddle wheels, 56 feet. She was 
driven by paddle wheels and a screw propeller, 
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each of which was provided with separate engines and 





THE UNITED STATES MAIL STEAMER ARCTIC, 2,860 TONS, OF THE COLLINS LINE—GREY- 
TIME, 9 DAYS, 17 HOURS, 12 MINUTES, 


1852. 


boilers. Launched in 1858, she cost complete no 
less than $3,650,000. Her maiden trip was made 
from Southampton to New York in 1860, her highest 
speed during the trip being 1444 knots an hour, and 
her longest day’s run 333 miles. She consumed on 
the trip 2,877 tons of coal. The Great Eastern was 
of such colossal size that she was but little affected 
by wind and weather, and except on one occasion, 
when she was disabled and fell off into the trough of 
the sea, passengers testified to her easy motion in the 
heaviest storms that were encountered. Commercially 
considered, however, she was a complete failure from 
the very start. But though she was disastrous to her 
owners, she conferred an incalculable boon upon the 
world at large by successfully laying the first Atlantic 
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American shipping interests. So effective were the 
depredations of the Confederate cruisers. that the 
American merchant marine was practically swept from 
the seas, and at the close of the war we were not only 
weakened by actual losses, and the general discourage- 
ment of commercial enterprise, but foreign maritime 
nations were proportionately enriched. 

A few official figures tell the story of this decline more 
eloquently than any multiplication of words. The total 
number of steam and sailing vessels built in the United 
States in 1847 was 1,597; this fell in 1862 to 864, and in 
1895 to 694. On the other hand, 
the total tonnage of vessels solid 
to foreigners in 1847 was 16,969 ; 
in 1861 it was 26,649 tons ; in 1862 
it rose to 117,756 tons, and in 
1864 to 300,865 tons! 

It is not surprising that at the 
close of the war American capi- 
tal looked with distrust at marine 
transportation, and directed its 
energies to the development of 
the vast internal resources of the 
country ; and with what energy 
it did so is shown in the marvel. 
ous growth of the railroads dur- 
ing the next forty vears. The 
development of the transatlantic 
steamship was left entirely in the 
hands of the English and Eu- 
ropean builders, and as the scope 
of the present review covers 
mainly the American share in 
this development, it will be suffi- 
cient to indicate the progress 
abroad by noting briefly its most 
important advances. 

The screw was now rapidly 
driving out the paddle wheel, 
the Scotia, a 3,870 ton ship, be- 
ing the last of the latter type 
built for the Cunard line. She 
was the first to make the pas- 
sage’in less than 9 days, covering the distance in 8 
days, 3 hours, in 1863. To the Inman, now the Ameri- 
ean line, is due the credit of bringing the time of 
passage below 8 days, a feat accomplished in 1869, by 
the City of Brussels, a 3,747 ton screw stezmer, whose 
time was 7 days, 22 hours, 3 minutes. The year 1871 was 








marked by the advent of the White Star line, whose 
boats, the Oceanic and Adriatic, inmtreduced many 
new features conducive to the comfort of travel, and 
maintained a high standard of speed and regularity. 
The 7 days limit was first passed by the Alaska, of the . 
Guion line, which made the trip, in 1882, in 6 days, 22 
hours; and the credit of bringing the time below 6 days 
belongs to the City of Paris, of the Inman line (now the 
Paris of the American line), which, in 1889, made the 

westward pas 





famous compa- 
The sail- 
ing of these 
ships wes tak- 
en up by the 
Inman, now 
the American 
line, of which 
mention will be 
made later. 
American in- 
terests on the 
Atlantie subse- 
quent to the 
decease of the 
Collins line 
were represent- 
ed by the Ful- 
ton, of 2,061 
tons, and Ara- 
£0, of 2,260 
tons, and the 
famous Van- 
derbiit, of 3,360 
tons burden, 
the latter, 
launched in 
1855, being the 
fastest ocean 
steamship of 
her day. She 
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sage in 5 days, 
19 hours and 18 
minutes. The 
present record 
of 5 days, 7 
hours and 23 
minutes is held 
by the Luca 
nia, of the Cu 
nard line. 
Although 
with the excep- 
tior of the four 
ships built for 
the American 
line of 1870, we 
took little part 
in the construc- 
tion of Atiantic 
steamships 
during these 
forty years, 
American capi- 
tal was largely 
interested in 
the celebrated 
Inman line, 
which started 
out in 1850 with 
two iron, screw 
propelled 
ships. Since 
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crossed east- 

ward in 9 days, that time they 

’ hours, and 3 Feet have been fuily 

westward in 9 abreast, if not 

days, 9 } Engraved for Stuarts Naval & Mail Steamers U. & ahead, of any 

and 24 minutes. SIDE LEVER CONDENSING ENGINES OF THE ARCTIC, other company 
in the year in the adop- 


tion of the various improvements which have made 
the steamship what itis to-day. Their early steamers 
were all of iron afd fitted with the screw propeller; they 
adopted the compound engine with its higher boiler pres- 
sure and consequent economy in fuel ; and in 1888 and 
1890, after the company had been reorganized as the In 


cable in 1866. After doing various, but always un- 
profitable, work, she laid two more Atlantic cables in 
1878 and 1874. She was finally, in 1888, sold for old iron 
and broken up at Liverpool. 

Soon after the withdrawal of the Collins line there 
came the great civil war, with its disastrous effects upon 


‘3 @ company was formed in England to con- 
‘truct a steamship which cou!* make the round 
‘nip to Australia and back at a s-1 of 18 knots, and 
“arry sufficient coal for the purpose. Mr. Brunel was 
‘ntrusted with the designs, and the result was the 
‘rreat Eastern, a ship which even to-day would dwarf 
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man and International Company,they made another rad- 
ical departure in that magnificent pair of ships the City 
of New York and the City of Paris, which were the first 
to be furnished with twin serews combined with triple 
expansion engines. These boats were, in every respect, 
a great advance upon anything built or planned at that 
date. Their 10,500 tonnage. their 20,000 indicated horse 
power distributed between two engines, in separate 
watertight compartments, their speed, and every de- 
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principal dimensions are: Length over all, 554 feet ; 
breadth, 63 feet; moulded depth, 42 feet; gross reg- 
ister, 11,629 tons. They are built of steel, with a double 
bottom, and a minute cellular subdivision. They are 
so subdivided by athwartship bulkheads that, if two 
adjoining compartments were flooded, they would have 
an ample margin of flotation. The quadruple ex- 
pansion engines which we illustrated in a recent issue 





aggregate about 20,000 horse power. An interesting 
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8344 feet ; 


average speed, 


Length, 680 feet; breadth, 4 


tail of their furnishings and equipment, were a fresh 
evidence of the old time farsightedness and liberality 
of the Inman line 

In order to encourage the building up of the Ameri- 
ean merchant marine, the Congress of the United 
States, in 1892, passed a special law by which authority 
was given to this company, uow known as the Interna- 
tional Navigation Company, or the American line, to 
place under the American flag the City of New York 
and the City of Paris, provided other ships of an equal 
tonnage and speed were at once built in this country. 





The contract for the new ships was placed with the | 


Messrs. Cramp, of Philadelphia, and the result was a | that they can be quickly converted into armed cruis- 
noble pair of vessels, the St. Paul and the St. Louis, | ers, carrying eight 6 inch rapid fire guns, the mail con- 
They | tract stipulating that they shall be so utilized in the 
are the second largest and fastest pair of ships in the|event of war. During the twelve months that they 
world, being exceeded in these respects only by the | have been on the route, the St. Paul and St. Louis have 
Their | shown a steady increase in speed, and the former ship 


which both commenced active service in 1895. 


Campania and Lucania, of the Cunard line. 









THE NEW AMERICAN ATLANTIC LINERS ST. LOUIS 
Length, 554 feet; breadth, 63 feet; depth, 42 feet; tonnage, 11,629; average speed of St. 
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comparison can be made between them and the Arctic’s 
engine, shown on another page. The St. Paul has two 
sets of engines, each of which has six cylinders, arranged 
over four cranks, the first pair of cranks being driven 
by a pair of high pressure and low pressure cylinders in 
tandem, the remaining cranks being each driven by first 
and second intermediates. The screws are three bladed, 
each screw being driven by its own engine, as in the 
Paris and New York. Steam at 200 pounds pressure is 
furnished by six double-ended steel boilers, 15 feet 74¢ 
inches in diameter and 20 feet long. The total heating 
surface is 30,000 square feet. The ships are so designed 


now holds the record from Southampton to New York, 
having crossed in 6 days, 5 hours and 22 minutes, at an 
average speed of 20°82 knots, the longest day's run be- 
ing 521°9 knots, at an average speed of over 21 knots an 
hour. This performance has been exceeded, -it is true, 
by the Lucania and Campania, ships of 13,000 tons dis- 
placement, the former of which has an average speed 
record of 22 knots an hour for the whole trip. As the 








AND 
Paul, 
New York, 6 days, 5 hours, 22 minutes; approximate cost, 


latter is equipped with 30,000 horse power against the 










breadth over paddle boxes, 118 feet; depth, 58 feet; draught, 30 feet; displacement, 32,160 tons; tonnage, 22,500; 
11°23 knots; time, Southampton to New York, 11 days; cost, $3,650,000. 


20,000 horse power of the St. Paul, it will be seen that, 
judged as a relative performance, that of the St. Paul 
is the more creditable. 

Space forbids a more detailed description of these, 
the latest additions to the great transatlantic fleet of 
steamships. 

Fifty years ago, a few score passengers were carried 
in cramped, ill-lighted and stuffy cabins, upon small 
paddlewheel boats, which dragged wearily across the 
ocean at 844 knots an hour; to-day, the St. Paul can 
earry 1,700 souls from port to port, at 21 knots an hour, 
and provides her passengers with accommodations ri- 
valing those of the finest modern hotel. She can take 
care of 360 first-class, 175 second, and 775 third-class pas- 
sengers, or 1,310 souls in all. For the navigation of the 
ship 60 officers and men are necessary ; the engine and 
boiler rooms find work for 175 more ; and there is a staff 
of 160 waiters, etc., in the steward’s department. The 
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ST. PAUL, 1895. 
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knots: holder of the record, Southampton to 
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expenses of such a ship are, necessarily, enormous, one 
of the great English companies having recently admit- 
ted that they run as high as $5,000 a day with a full 
.omplement of passengers. To furnish the 20,000 horse 
»yower for the engines of the St. Paul requires the con- 
-umption of 310 tons of coal per day ; and the consump- 
‘ion of provisions by the passengers can be judged from 
the list of supplies carried for one trip, some of the 
items being as follows: 30,000 pounds of beef, 10,000 
-lams and oysters, 500 pounds of coffee, 3,000 pounds of 
butter, 3,000 pounds of sugar, 16 tons of potatoes, 15,000 
gs, and 140 barrels of flour. 

In tracing the various stages of the development of 
che transatlantic steamship, it is found that each de- 
ade was marked by some radical departure from the 
practice of the decade which preceded it. In the ac- 
-ompanying table it is attempted to mark this progress 
approximately, showing the most important changes in 
-onstruetion, the approximate rise in boiler pressure, 

id the approximate improvement in engine perform- 


ince : 
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| : t Le 
Decade. | Devzlopment in construction, =5 : 

H SE 

; <-> 
845-55 | Iron in place of Wood. .......ss0.s0e.08- Wto @ |) 4535 
isa6-85 | Sorew tn place of peddle wheal... ..... 35/35 "99 
1365-75 Cony in place of simple engines. | 35 * 60/29“ 22 
1675-8 | Steel te piace of Sun, and ple expan- 60 “195 |22 “19 
1885-95 | Twin serews, quadruple expansion and “ ‘ 

forced draught... ........ coenteusae 125 “200 | 19" 13 











Space forbids a more extended treatment of a subject 
which has an increasing interest for all patriotic Ameri- 
cans; but enough has been said to show that the part 
played by the United States in the development of the 
transatlantic steamship has been far more extended 
and important than is perhaps generally supposed. It 
dates from the earliest records, when the Savannah 
opened the very first chapter of its history by her mem- 
orable voyage to Liverpool; and the easy triumphs of 
the Collins line in the fifties bid fair to be repeated in 
the history of the American line of to-day. 
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RAILROADS AND BRIDGES. 

The railroad system of the United States is remarka- 
ble, alike for the rapidity and proportions of its growth, 
and for the fact that it expresses the adaptiveness and 
ingenuity of the American people more, perhaps, than 
any other field of enterprise to which they have di- 

| their energy and capital. In the whole range of 
evcineering work there is nothing more distinctively 
\imerican than the American railroad ; nowhere is the 
national faculty of adapting the means to the end 
more consistently manifest than in the development of 
this vast system of transportation. From its cheap 
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prairie track, built at $15,000 a mile, to its superb 
“limited” trains, with their full complement of costly 
parlor, sleeping and dining cars, the whole system is 
the outcome of an attempt to satisfy the luxurious 
tastes of a people who were scattered over a vast area 
of more or less undeveloped country. 

It was realized at the outset that it was neither 
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RAILROAD POSTER OF 1845. 


expedient nor possible to build American railroads 
according to the expensive methods of European engi- 
neers. The conditions in the two countries were en- 
tirely different. The early roads in England and‘ on 
the Continent were built through populous districts, 
and between large cities, and the day of the opening 
of a new line found passefigers on every platform 
and freight in every yard. Large receipts were as- 
sured and dividends were certain. Hence it_was 
good policy to construct the roadbed in the most 
solid manner, and lay out the line with a view to 
economy of operation. Hills were tunneled, deep 
cuttings opened, massive embankments raised, and 
every expedient known to the engineer and contractor 
was used in the effort to produce a line that should 
be at once level and straight. The result, as in the 
Great Western broad gage line, of Brunel, was a 
magnificent road, built at an appalling cost per mile. 
With the exception of those which were built in the 
more populous States bordering on the Atlantic sea-| 
board, the early railroads of America have had to do} 





pioneer work. In Europe the railroad followed the | 
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population, and was the result of it. In America the 
population followed the railroad, which in some cases 
has been pushed out a thousand miles ahead of the 
onrolling wave of emigration. These conditions, 
coupled with the natural freedom of the American en- 
gineer from the restraints of tradition, and his ten- 
dency. to work out any problem from its own proper 
point of view, have given us the American raiiroad of 
to-day. 

In the first place the engineer dared to believe that 
a locomotive could climb a hill and swing round a curve 
—Mr. Brunel and his associates notwithstanding. So 
when the locating engineer came to a hill he preferred 
to go round rather than tunnel through it ; and, if that 
was impossible, he carried his line over it, skillfully ad- 
justing his survey to the topography of the country, 
and keeping the grade within the desired limit. 
Where one or two feet in a hundred had been con- 
sidered the practicable limit of grade, he did not hesi- 
tate to use three and four ; and where four and five de- 
grees was the limit of curvature in Kurope, he boldly 
ran in eight and ten degree curves, and on certain lines 
in later years increased this to sixteen and even twenty 
degrees! When this undulating and sinuous roadbed 
had been graded, and it came to the question of laying 
upon it the costly rails, ties and ballast the “ coat was” 
again “cut according to the cloth,” and, in obedience to 
an imperative economy, these items were cut down to 
the lowest practicable limit. And here it was that the 
mechanical engineer stepped in, and with rare ingenuity 
produced a locomotive and cars that were admirably 
adapted to travel upon track that was neither level, nor 
straight, nor smooth in its running. The swiveling 
truck solved the problem of the curves, the coupled 
driving wheels and heavy engines the problem of the 
grades, and the equalizing levers smoothed out the in- 
equalities of the track. And thus ‘it was that, in the 
adaptation of the track to the country and of the loco- 
motive and cars to the track, the civil and mechan- 
ical engineer made possible the enormous development 
which has characterized the past half century of rail- 
road building in the United States. Had they attempted 
to build as Brunel built the Great Western road in 
England, the development of the vast interna! resources 
of the country would have been thrown back a whole 
generation. 

In speaking thus of the early American roadbed, it is 
not intended to imply that the best American track cf 
1896 is one whit inferior to that of contemporaneous 
European railroads, for its improvement has generally 
kept pace with the increase of the traffic which passed 
over it, until to-day it is safe to say that the main lines 
of such roads as the New York Central, the Pennsy!- 
vania, the New Haven, and other leading companies, is 
as fine, and in some respects better, than the best to be 
found in Europe. 

As we look at the railroad map of the United States 











THE MERCHANTS’ BRIDGE, ST. LOUIS—TYPICAL MODERN DOUBLE TRACK STEEL RAILROAD BRIDGE. 
Three spans, 517 feet 6 inches, and six spans, 125 feet long. 














Scientific American, 


[JULY 25, 1896. 














for 1896, with its 181,082 miles of track spread out like a 
finely meshed network over the face of the country, it 
is difficult to realize that at the date of the foundation 
of the ScreENTIFIC AMERICAN there were less than 5,000 
miles of track in the whole of the States, and that this 


represented a few small, disconnected lines, scat 
tered through the Atlantic and Southern States, and 
a few fragmentary systems in the Middle States. Such 


roads as there were had been laid out with reference | 
to the existing lines of transportation by road and 
river, and were largely supplementary tothem. The 
Eastern roads were only 
just beginning to reach 


the latest of the transcontinental roads, dispatched its 
first through train to Seattle, on the Pacific coast. 

Thus was built up the most stupendous system of 
transportation in the world, with its 181,082 miles of 
track. An impressive sense of its magnitude is con- 
veyed in the statement that its rails, if strung out ina 
single continuous line, could be wrapped around the 
earth fifteen times, with many a mile to spare ! 

With the growth of population and manufactures, 
and the consequent increase in dividends, there came a 
steady improvement of the roadbed and rolling stock. 





across the Alierwhenies mnto 
the valley of the Mississip 
pi; and as yet there was no 
sizn of a trunk 


line to the West, although 


through 


several lines connected 
New York with Washing 
ton and other important 
points it is interesting 
to note in passing that the 
stimulating effect of the 


new upon the old methods 
of transportation was seen 
in the rapid development 


of the 
which at this early period 


river steamboat, 


advance of the 


both 


was far in 


Ocean steame! in 
speed and accommodation 

Viewed in the light of its 
subsequent development 
the railroad svstem of 1846 
both 


insignificant 


disjointed 
In that 
4 930 


ippears 
and 
vear there were bni 
miles in the whole United 
States; in 1847 
in 1848, 5,906 miles; in 1849, 
7,365 

9,021 miles 
cade some 20,00 
the total 
29,739 miles in 1860 
the blight of 
war, the construction dur 
the 


averaging only 
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miles ; in 


added, reaching 
Then 
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ing next five years 


S51 miles a 
the total up to 32,996 miles in 1865. | 


year and bringing 
At the close of the war. however, the nation devoted | 


its energies and capital to the development of the vast 
natural resources of the country. One of the first and 
most important results of this industrial activity was 
the completion, on May 10, 1869, of the first continuous 
America This 
coupled with consolidation about this time of the 
Hudson River New York Central Railroads, 
forming a trunk line to the West from New York City, 
marked the opening of a new era in the development of 


transcontinental road across event, 
the 
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ami the 





the American railroad. From that time on the growth 
was simply phenomena), the total mileage increasing in | 


1876 to 74,100 miles; in 1886, to 133,606 miles; and in| 
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1806, to 181,082 miles! Subsequent to the completion of 
the Union Pacific, the Southern Pacifie Company gave 
he country, in 1882. another transcontinental route, by 
way of New Orleans; the Atchison, Topeka, and Santa Fe 
~ completed a Pacific coast connection through 

of country lying between the Southern Pacific 
the driving of the’'golden 
spike of the Northern Pacific Railroad in August, 1883, 
opened up the vast wheat fields of the 
Northwest ; and on June 18, 1893, the Great Northern, 
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RAILROAD AND HIGHWAY BRIDGE, BUILT BY CAPT. JAMES B. EADS IN 1874. 








THE 8ST. LOUIS BRIDGE AFTER THE GREAT STORM OF MAY 27, SHOWING INJURY TO STONE WORK ONLY. 


The introduction of Bessemer steel rails, with their in- | 
creased stiffness and durability, produced a marked 
change in the character of the track. The old pear- 
shaped iron rail, of 40 to 50 pounds weight, was succeed- 
ed by the steel headed rail, and this gave place to the 
75 pound steel rail of the last, and this in turn to the 
100 pound steel rail of the present, decade. Greater 
attention was paid to ballasting and draining the road- 
bed, and as fast as the dividends of the company would 
allow, the lines were revised, the curvature and grades 


being reduced, and distances shortened by means of | 


costly bridges and tunnels. 
The typical American passenger car, with its long 
body carried upon end trucks, was well established 
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Two arches, 502 feet span; one of 520 feet span. 


by 1846, the original patent for this type having 
been granted to Ross Winans in 1834. Its general 
appearance may be judged from the illustration of a 
passenger car of that date published in the Scren- 
TIFIC AMERICAN of August 28, 1845, a reprint of 
which will be found on the front page of this issue. 
The standard passenger car of 1850-60 was 7 feet 
high, 10 feet wide, 50 feet long, and carried sixty 
passengers, and there were practically no variations of 
type. The extension of the railroadsand the ever in- 





creasing length of the journeys called for special pro- 
visions for the comfort of the passengers ; and in 1864, 
after several abortive attempts by various roads to pro 
duce a comfortable and popular sleeping car, Mr. Pull 
man brought out his first sleeper, the celebrated 
Pioneer. The success of this venture led to the for- 
mation, in 1867, of the powerful Pullman company, 
and under their management the sleeping car has de- 
veloped to its present size and splendor. In 1887 Mr. 
Pullman patented the vestibule, a flexible diaphragm, 
which connects the ends of adjacent cars, keeping out 
the noise, dust, and cinders, 
and imparting a remark- 
able steadiness to the whole 
of the train. Steam heat 
has replaced the uncertain 
stove, and gas and the 
electric light the oil lamp ; 
and what with parlor cars 
and observation cars, bath 
rooms and barber shops, 
and a host of conveniences 
that minister to one’s ease 
and recreation, the five-day 
trip from the Atlantic to 
the Pacific may now be 
performed amid the multi- 
plied comforts of a first- 
class city hotel. 
Restrictions of space for- 
bid more than a passing re- 
ference to the development 
of the many appliances de- 
signed to promote safety of 
travel. By far the most 
important of these was the 
continuous automatic air 
brake, designed by George 
Westinghouse, Jr., in 1868, 
in which year it was first 
practically applied on 
trunk roads. In this sys- 
tem; as finally modified, by 
means of a small lever, 
placed conveniently to 
hand, the engineer can in- 
stantly apply the brakes on 
every car, and should the 
train break apart, the 
brakes will set themselves 
automatically. The simplicity, certainty, and power of 
this brake are remarkable, and render it one of the 
most successful and life saving inventions of the age. 
In the celebrated Burlington brake trials in 1886-87 a 
train of fifty cars, a third of a mile long, running at forty 
miles an hour, was stopped in a third of its own length. 
Seareely less important was the introduction of the 
Miller platform and coupler in 1863, and the Janney 
coupler, with many others at a later date ; automatic 
signaling ; the interlocking system cf levers, whereby a 
contradictory signal, or an accident from a wrongly 
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thrown switch, are impossible ; the block system in the 
operation of trains, by which no two trains are allowed 
upon the same “ block” or section of line at the same 
time ; and the operation of the freight and passenger 
traffic upon separate pairs of a four track road ; the 
last three of which improvements were importations 
from the English roads—in justice to their high effi- 
ciency be it said—where they had been standard prac- 
tiee fora great many years. 

Some of the more striking evidences of progress in 
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e past twenty years are gathered for comparison in 
1c accompanying table : 
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THE AMERICAN RAILROAD BRIDGE. 

he deep canyons and ravines of the mountain passes, 
the broad rivers of the plains, have necessitated the 
.ruction of a vast number of difficult and costly 
ives as the railroads were gradually spread out over 
-ountry. Fifty years ago bridges were built almost 

( ely of wood, and the phenomenal growth of the 
r. road system was rendered possible by the abundant 
«uj ply of suitable timber, and the free use of it in the 
foria of pile and bent trestles, and what is known as 
the Howe truss bridge. The latter bridge, patented in 
is4) by Mr. Howe, was for years the standard railroad 
bridge of Ameriea : and it is still doing excellent service 


























in the West, where the magnificent pine and fir timber 
furnishes sticks of a size and quality that makes it pos- 
sible to build this form of truss in spans of remarkable 
length and stiffness. On the lines of the Southern 
Pacific Railroad, in Oregon, there are to-day modified 
Howe trusses of wood, from 200 to 250 feet in span, 
which are carrying the heaviest engines and trains, and 
giving excellent service. The chords and braces of this 
form of truss are of timber, and the ties, which are ver- 
tical, are of round iron, with screwed upset ends, secured 
with nuts on the outer faces of the top and bottom 
chords. The braces are square ended, and bedded 
upon cast iron angle blocks, which rest upon the chords 
at the panel points. The excellence of this truss con- 
sisted in its simplicity, strength, cheapness, and ease of 
construction and erection. When the tie rods and 
small screw bolts were once delivered on the ground, the 
cross cut saw, the ax and the adz did the rest ; and 
when saw mills were not available, the sticks could 
often be hewn from the standing timber on each side of 
the track—as was frequently done in crossing the 
Rocky and Cascade Mountains of the West—and framed 
and erected on the spot. The wooden Howe truss has 
been a potent factor in the development of the American 
railroad, and it anticipated by more than a generation 
the advent of the iron and steel truss. 

The Pratt truss, with vertical posts and inclined ties, 
patented in 1844, has become, in its various modifica- 








Length of span, 1,5954¢ feet ; total length, 3,455 feet. 
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THE STEEL CANTILEVER RAILROAD BRIDGE OVER NIAGARA RIVER. 


tions, in the later age of steel construction, the prevail- 
ing national type. 

In 1846, Frederick Harbach patented an iron Howe 
truss, with cast iron top chord and braces, and wrought 
iron bottom chord and ties, and from that time on, dur- 
ing the next twenty years, a large variety of more or 
less useful trusses were introduced, copspicuous among 
which were the Whipple, the Bollman, the Fink, and 
the Post trusses. 

Mr. J. H. Linville was the first engineer to introduce 
the typical long span railroad truss in America. His 
famous iron bridge over the Ohio, at Steubenville, in 
1864, was followed in 1872 by the Cincinnati bridge of 
420- feet span. To Mr. C. Shaler Smith belongs the 
credit of designing in 1876 the first iong iron cantilever 
bridge, known as the Kentucky River bridge, which 
consisted of three spans of 375 feet. On July 4, 1874, 
the famous St. Louis arched bridge of Captain James 
B. Eads was opened. The great size of the arches—two 
of 502 and one of 520 feet span ; the novel method of 
their erection—the arches being built out simultane- 
ously from the piers, to which they were tied with tem- 
porary guy ropes; the daring but successful use of the 
pneumatic caisson for the deep foundations (197 feet 
below M. W. L.) of the piers ; together with the original 
and admirable design of the trussed arches of the 





bridge—all conspired to mark this as one of the most 
brilliant feats of engineering that the world has ever 
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SUSPENSION BRIDGE OVER THE EAST RIVER, AT NEW YORK. 











Length of span, 470 feet ; total length, 910}¢ feet ; height, water to rail base, 239 feet. 








58 


— 


Scientific American. 








seen. The destructive tornado of May 27, which tore 
asunder and seattered the massive masonry of the 
approaches to this bridge, failed to disturb the equi- 
librium of the steel arches themselves; and no finer 
tribute was ever paid to the skill of the bridge engineer 
than is offered in the photographic reproduction which 
we present on another page 

The scientific methods of bridge design and construc- 
tion adopted by Captain Eads have been elaborated by 
subsequent engineers, until bridge designing is to-day 
perhaps the most exact branch of the engineering pro- 
fession. The calculation of the strains in ateel trusses 
is now a matter of mathematical certainty and precision. 
The various erratic forms of trusses have fallen into 
disuse, and a standard type of great excellence has sur- 
vived, one of the latest examples of which is shown in 
the engraving on another page of the Mer- 
chants’ Railroad Bridge at St. Louis, built 
in 1890 by the Union Bridge Company, of 
New York. The Merchants’ bridge com- 
prises three main spans, 517 feet 6 inches 
long, and six deck spans of 125 feet. The 
trusses are built entirely of steel and are pin 
connected, the tension members being steel 
eye bars, and the compression members con- 
sisting of built-up lattice posts and chords. 
The floor beams and stringers are plate steel 
girders, the latter being riveted at their ends 
to the bottom of the posts and vertical ties. 

The distinctive features of this system of 
bridge construction are the concentration of 
materia! in large members, the great width 
of panel and height of truss, and the method 
of connecting the members at each panel 
point by means of « large, earefully turned 
and fitted steel pin. As compared with the 
European practice of riveting, the American 
practice conduces to greater accuracy of de- 
sign and construction, and greater rapidity of erection. 
The Merchants’ bridge, which contains 11,000,000 
pounds of steel, and whose granite piers extend 70 feet 
below the water, was commenced and completed within 
thirteen mouths. 

The superiority of the pin-connected over the riveted 
system of bridge construction has been clearly proved 
in the erection of cantilever bridges, a type which is 
now extensively used by American and European 
builders, and of which the great Forth bridge of Sir 
Benjamin Baker, with its two 1,710 foot spans, is the 
most monumental eryample. In its simpler forms, the 
cantilever is exceedingly ancient. There are bridges in 
China which are hoary with age whose construction is 
based upon this principle. The most valuable feature 
of the cantilever, as compared with the truss bridge, is 
the facility with which it lends itself to the crossing cf 
rivers and ravines, where the depth of water or other 
natural features render it impossible to erect any tem- 
porary falsework. Perhaps the most notable early use 
of the cantilever system of erection in America was 
seen in the building of the above mentioned Eads 
bridge at St. Louis, where equilibrating portions of 
the steel arches were built out simultaneously 
on each side of the piers and tied back to them 
with steel ropes. Two of the best known canti- 
lever bridges in America are the Niagara River 
bridge and the Poughkeepsie bridge across the 
Hudson River. The Niagara bridge has a clear 
span between towers of 470 feet, with an inter- 
mediate 120 feet long. Poughkeepsie 
bridge has three cantilever spans of 548 feet and 
two connecting spans of 525 feet each. The lat- 
ter were erected by the aid of falsework, and 
the cantilevers were then built out in the usual 
manner. The bridge is designed to withstand 
a wind pressure of thirty pounds per square 
foot of surface, and to carry a uniform train 
load of 3,000 pounds per foot on each track, 
preceded by two 85 ton locomotives. 

Ne treatise on American bridge building, 
however brief it may be, can fail to make men- 
tion of the development. of the wire suspension 
bridge. Among many other notable bridges of 
this type are the Niagara suspension bridge, 
of 821 feet span, the Covington and Cincinnati 
bridge, of 1,057 feet span, and the Allegheny 
bridge, with its two spans of 344 feet, all of 
which were designed by that gifted engineer, 
the late John A. Roebling, who subsequently raised an 
enduring monument to his genius in the design and 
erection of the great East River bridge, uniting the 
cities of New York and Brooklyn. 

This noble structure is too familiar to call for more 
than a recapitulation of its leading features. The 
main span is 1,5955¢ feet long, and the total length, 
with the approaches, is 2,455 feet. The foundations 
for the towers were earried down 78 feet below high 
water hy the pneumatic process, and the towers them- 
selves extend 272 feet above high water, making a total 
height, from foundation to capstone, of 350 feet. The 
four cables, 15 inches in diameter, are of steel wires laid 
parallel and wrapped. The floor of the bridge is stiff- 
ened with four steel trusses, and carries two carriage- 
ways, two standard railway tracks and one footway. 
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The trains are operated by a steel cable, and they carry 
an immense traffic, the total in 1894 amounting to 
43,000,000, 

Great as are the proportions of this bridge, it is 
likely, before long, to be surpassed by the proposed 
railroad bridge across the Hudson River, at New York, 
which is to have a main span of 3,254 feet, carried on 
twelve steel wire cables, 23 inches in diameter. The 
suspension towers, which will be built of steel plates 
and angles, will reach to a height of 587 feet above the 
water. It is not too much to say that this bridge, 
which is to carry six railroad tracks, side by side, will 
be the noblest constructive feat of any age or clime. 
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THE TELEGRAPH. 

Fifty-two years and two months have passed since 











RECORDING THE MORSE CODE. 


a world famous message was sent over a telegraph line 
from the Capitol, at Washington, to Mount Clare De- 
pot, in Baltimore. The precise date was May 24, 1844, 
and the message sent in the famous dot and dash al- 
phabet by Prof. Morse contained the following words : 
“What hath God wrought!” The message was in- 
dited by Miss Ellsworth, the daughter of the then 
Commissioner of Patents, and was intended to express 
the wonder of the achievement of the telegraph. For 
this edition of the SCIENTIFIC AMERICAN, marking, as 
it does, fifty years of the invention and progress of the 
scientific world, no more appropriate motto could be 
chosen, for it seems as if the last fifty years definitely 
showed man’s powers and proved adequate to measure 
his ability. For the first suggestions of the telegraph 
we can go far back to the days of Gtto van Guericke, 
whose experiments of transmitting through a conductor 
an ell in length an electric disturbance from his fric- 
tional machine with its globe of sulphur excited by 
rubbing against the hand is well known. 

Coming down later, however, we find attempts 
directly made in the line of telegraphy. In 1727, 
Stephen Gray, of the Charter House, London, trans- 
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AND EXAMPLE OF CHARACTERS PRODUCED (4 and 5). 


mitted electrification through a wire 700 feet, sus- 
pended in the air by silk threads. Other experiments 
of the same sort were made by different investigators. 
Twenty years later a wire stretched across the Thames 
was used, and the length gradually increased until we 
find the same investigator using wire 10,600 feet long 
in his experiments, and a year later Benjamin Franklin 
experimented with a wire stretched across the Schuyl- 
kill River. 

A letter in the Scot’s Magazine in 1758, signed by 
C. M., suggests an electric telegram operated by a 
frictional electrical machine ; and in 1774, at Geneva, 
Lesage erected a telegraph line of 24 insulated wires, 
each corresponding to a letter of the alphabet. Many 
other attempts were made and signals were transmitted 
by static excitation produced by frictional neachines. 
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At the beginning of the present century the voltaic 
battery was invented. The investigators had at once 
an instrumentality for maintaining a current through 
a wire, by which the decomposition of water could be 
brought about, magnets attracted and other pheno- 
mena produced, and, in 1808, the Munich Academy of 
Science received from Sommering a communication 
describing a telegraph containing thirty-five wires, one 
for each letter of the alphabet and one for each num- 
ber. At the transmitting end arrangements were pro- 
vided for passing currents through any one of the 
wires. At the receiving end the electros wore im- 
mersed in acid, and, completing the circuit, caused the 
evolution of bubbles of hydrogen. Each tube corre- 
sponded to a letter or a number. 

Passing by many other attempts, we find, in 1839, the 
Wheatstone telegraph, fairly effectual, pro- 
ducing its signal by means of what are prac- 
tically galvanometer needles. A bell alarm 
was used to call the operator. To produce 
a powerful enough sound, Wheatstone used 
a relay circuit, the first one in the history of 
the art. Henry, in 1832, had, as one result of 
his experiments in electricity, used the elec- 
tric magnet in a signaling telegraph, and for 
him is claimed the glory of being the inventor 
of the first electro-magnetic telegraph. 

Samuel F. B. Morse was born in Charles- 
town, Mass., on the 27th of April, 1791, but a 
little over a mile from Franklin's birthplace. 
He was educated as an artist, and won high 
triumphs as such, but was marked as a lover 
of science from his earliest days. His life was 
subject to more than the usual vicissitudes 
of an artist’s existence. After traveling ex- 
tensively in Europe and studying there, we 
find him sailing on the packet ship Sully, 
for the harbor of New York, in 1832. Philip 
Hone, in his interesting diary, states that among the pas- 
sengers on his ship was 8. F. B. Morse, the artist and 
president of the National Academy of Design. On 
board the ship Morse had his interest excited by a con- 
versation in which Dr. Charles T. Jackson was the 
leader, who spoke of some of the wonders of electricity 
and of the electrical magnet. This seems to have fixed 
firmly in Morse’s mind the idea that an electric telegraph 
could be constructed with the electric magnet as a basis. 
It engrossed his mind throughout the voyage, and dur- 
ing the six weeks which it lasted he jotted down in his 
note book different sketches of a proposed system of 
electrical telegraphy. He practiced his art and experi- 
mented with the telegraph, the latter, during the next 
few years, gradually wooing him from his brush. Prof. 
Daniel, of London, in 1835 invented the constant cur- 
rent battery, which proved a powerful adjunct to 
Morse’s work. He was confronted at once with the 
difficulty that the current became enfeebled on too 
long a line, and used the relay cireuit to overcome this 
trouble. In 1837 he explained his invention to Prof. 
Leonard D. Gale, of the University of the City of New 
York, who assisted him by his scientific counsel, and in 
the same year he interested in it Alfred Vail, a 
son of Judge Stephen Vail, proprietor of the 
Speedwell Iron Works, Morristown, N. J. An 
agreement was entered into between them, Vail 
supplying the money. The American patent 
was obtained on October 3, 1837, and Vail in 
secret quarters at the iron factory worked upon 
the invention. 

Morse’s original telegraph provided a pendu- 
lum carrying a pencil or marking device in ~on- 
stant contact with a strip of paper tc be drawn 
beneath the point by machinery. As long as 
inactive, this would make a straight line upon 
the paper. The pendulum carried also an 
armature, and an electric magnet was placed 
near the armature. A current passed through 
the magnet would draw the pendulum to one 
side. On being released the pendulum would 
return, and in this way any amount of zigzag 
marks could be made on the paper as it tra- 
veled with the pencil constantly pressing upon 
it. Vail made some changes in the device and 
substituted for the pendulum and marking pen- 
eil the familiar lever with pencil of the more 
modern type of Morse machine, and substituted 
for the zigzag line the dot and dash alphabet. 

In 1839 Morse began the hardest period of his life. He 
was dependent for his living upon what he could earn 
as a professor of art. At one time he went twenty-four 
hours without food. Toward the close of 1841, he writes 
that he has not a cent in the world, but affirms that he 
will not. run in debt. In the next year he submerged 
in the New York Harbor between Castle Garden and 
Governor's Island a wire which he had insulated and 
sent signals through it. The experiments were repeated 
at Washington in a canal, in December of the same year, 
and Morse, in describing his experiments in 1844, an 
nounced his belief that signals could and would be sent 
across the Atlantic Ocean by electromagnetic telegraph. 
Sick, and tired at heart, agitating for an appropriation 
from Congress to test his invention, Morse found him- 
self in December, 1842, with his personal funds reduced 
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37 cents and feeling ready to abandon the whole sub- | in existence was proposed and carried out through the| greatest discovery of the century in physics. The 


+ indefinitely. Aid from the government was at 
-nd, however, and a bill recommending the appropri- 
on of $30,000 in aid of the telegraph was passed by 

ngress. e 

soon after this work was begun on a line between 

itimore and Washington, and among those concerned 

its erection was Ezra Cornell, the founder of the Cor- 
|| University. An attempt was made to lay the wire 
derground, and after an expenditure of nearly all the 
propriation, this plan was abandoned and an aerial 
> was started. In seven weeks the work was com- 
ted, and the famous message was sent. It was writ- 

, upon a strip of paper with an embossing point 

ich simply indented the paper with dots and dashes. 

\orse had conceived the idea of the relay circuit and 

| used in the early telegraphs a relay either as an ex- 

.ion of the line or as a local circuit. His great idea 
... to produce marks making a record of every mes- 
.,» sent, and this idea seems to have been at the base 
«| his work. One of his troubles consisted in accurately 
> ning and closing the circuit in order to produce his 
alohabet. He used metallic type for the purpose with 
indented faces so shaped as to open and close the circuit 
at proper times and for proper periods, for the produc- 
tion of the desired markings. Each letter constituted a 
separate type, which was mounted on a portrule. When 
this was filled with type representing the message, 
it was drawn under the contact point. Then, as 
a simplification of this, two contact points close to- 
gether were used, between which a wedge was thrust 
by hand, so as to open and close the circuit. Again, 
a keyboard was devised with a separate key like 
a piano, for each letter, but eventually, about 1844, 
the plain key, such as used to-day, was adopted. After 
the sending of the famous message in 1844, on April 1, 
i845. the line between Baltimore and Washington was 
opened for public business under the auspices of the 
Post Office. One cent for every four characters was 
charged, and during the first four days one cent was re- 
ceived. After a week the receipts had risen to one dol- 
lar. Telegraph lines were slowly pat up, but in 1846 
the system was still experimental. In 1845 New York 
and Philadelphia were connected, in 1846 Philadelphia 
and Baltimore were connected. The government had 
rejected the purchasing of the Morse invention, so every- 
thing had to be done by private enterprise. The first 
ten years following 1846 were devoted to the exploita- 
tion of the new invention, and gradually more and more 
lines were added until, in 1856, what has been described 
as a straggling web of lines under the control of thirty 

panies, working different apparatus 

| patents, covered the more populous area 

of the country. Dividends were not paid except by one 

or two of the companies, and the prospects were any- 
thing but bright. 

During these ten years inventors had not been idle. 
Morse’s system required but little ; the relay, the hand 
key and the alphabet and mechanism for reproducing 
the alphabet were all in existence in 1846, and since 
then little has been done with the Morse system proper 
in the way of addition. In the way of suppression the 
most important thing of all has been done. Various 
marking devices had been tried — pencil, embossing 
point, pen and inking wheel. Morse’s apparatus was 
adapted for any of these devices, but after a while the 
clerks and attendants on instruments learned to read 
them by the sound made by the marking lever, and, in 
spite of threats of instant dismissal, they persisted in 
doing so when not watehed. Morse was violently op- 
posed to it, naturally regarding the recording device as 
the very soul of his instrument. Vail, who throughout 
figures as the entirely disinterested, self-sacrificing coad- 
jutor of Morse, and who by many is considered as much 
the inventor of the Morse system as Morse himself, was 
the first to yield and devise, by simple suppression of 
parts, the well known sounder, converting the Morse 
telegraph into an acoustic one. 

Other inventors took the subject in hand, all basing 
their work for the most part on the production of a 
record. Bain used chemical decomposition to produce 
a stain from a piece of paper, which, running in dots 
and dashes, would convey a message. To produce the 
(lots and dashes he used a long strip of paper, previously 
perforated, which was drawn between two contact 
points. A short perforation produced a stain upon a 
corresponding strip of paper, giving a dot, while a long 
perforation produced a dash. Over and over again 
these devices have been applied in the most highly de- 
veloped rapid transmission apparatus of the present 
day. Royal House devoted his energies to the develop- 
‘nent of a printing telegraph, but was estopped by Morse 
‘rom the use of a relay. He performed the heavy work 
his printing apparatus by pneumatic power, which 
was simply controlled by the telegraph line, and most 
“rnously, in his attempt to produce a sensitive sounder, 
lw described in one of his patents, long antedating Bell's 
"vention, what is to all intents and purposes a Bell tele- 
plone, only he never imagined for a moment that it 
ould be made to speak, and the microphone was still 
lacking to make it a practical invention. 

We have seen that the early Baltimore and Washing- 
‘on line had Ezra Cornell as one of its constructors. 
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agency of Hiram Sibley, the founder of the Sibley 
School of Science at Cornell University. Thus we find 
this grcat university intimately connected with the 
early days of the telegraph. The scheme was termed a 
crazy one; it was said to be like collecting all the 
paupers in the State and them into a union 
so as to make rich men of them ; but it was done. 

The records of the business of the Western Union, 
originally so named because it was intended to be a 
union of Western telegraph companies, have been tab- 
ulated since 1867. It had, in that year, 46,270 miles of 
poles and cables and 85,291 miles of wire were in use; and 
5,879,282 messages were transmitted. The receipts were 
$6,568,925.36. Its profits were $2,624,919.73. In 1895, 
with 189,714 miles of poles and cables, and 802,651 miles 
of wire, with 58,307,315 measages sent, receipts of $22,218, - 
019.18 were shown, with 1 profit of $6,141,389.21. Since 
1868 the average tolls per message had fallen from 
$1.047 to $0.307 per message. The Western Union re- 
presents about seven-eighths of the business of the 
United States, and by its wires, cables and connections 
any part of the world can be reached. Next to it in 
importance comes the other great American company— 
the Postal Telegraph. This and the Western Union do 
almost all the telegraphic business of the United States. 

It would be too great a task to attempt to catalogue, 
much less describe, the many inventions in telegraphy. 
The genius of Edison, Delaney, Stearns and others has 
made it possible to send a number of messages simul- 
taneously in both directions on the same wire. The 
British Postmaster-General states in a recent report 
that on a line on which in 1870 the highest speed by 
Wheatstone automatic was 60 to 80 words a minute, 
600 words a minute is now possible. The old Bain 
principle of electric decomposition and the use of a 
perforated ribbon drawn between contact points to 
produce the dot and dash making contacts have re- 
appeared in various instruments. Even the old Morse 
pendulum, giving its zigzag line, is the prototype of 
the siphon recorder used in ocean telegraphy. 

Construction is receiving more and more attention. 
The Western Union Company are putting in hard 
drawn copper wire in place of iron on trunk lines, with 
the most satisfactory results. Over 10,000 miles of such 
wire is now in use. It relieves the strain on the poles, 
owing to its lightness, and its electrical superiority makes 
it work under very adverse meteorological conditions. 

In the production of current, dynamos have been in 
some cases substituted for batteries with the best re- 
cults. Time service is carried on throughout the United 
States from the Washington Naval Observatory. The 
telegraph business in this country, in spite of the 
sparsely settled districts and long distances of trans- 
mission, is made to show a profit. In England, where 
it is run by the government, and where it is calculated 
that of 70,000,000 messages per annum, some two-thirds 
are sent from or to London, a large annual deficit is 
shown. 
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PHYSICS. 

Fifty years ago the science of physics was in a very 
peculiar condition. Mayer, about 1842, and Joule, 
1843-1845, had given to the world their determinations 
of the mechanical equivalent of heat, laying the corner 
stone of the entire structure of modern physics. An 
immense amount of other data had been determined 
by methods which were hampered by inevitable in- 
accuracies, but which were accepted and utilized to the 
utmost by scientists of those days. In one point of 
theory hopeless confusion existed;on account of the 
want of an adequate distinction between force and en- 
ergy. Physicists had gradually acquired the doctrine 
of the indestructibility of energy, and it was expressed 
in the so-called doctrine of the conservation of force. 
This supposed law was promulgated as one of the great 
triumphs of science, but it was not satisfactory. The 
comments of scientists upon it and their troubles in 
trying to reconcile facts with it make curious reading 
to-day when we know that force can be created and 
annihilated at will, and when we have learned to dis- 
tinguish definitely between force and energy. After 
years of work the distinction was formulated and a 
threefold system of units was established for physics ; 
the members of the system were force, work and en- 
ergy. They were definitely distinguished, one from the 
other, and at once the great doctrine of the conservation 
of energy, unproved as it may be, obtained universal 
acceptance by men of science, and to-day is universally 
used as a working hypothesis. Faraday was one of 
those who had trouble with the doctrine of the conser- 
vation of force. He was an intimate friend of Clerk 
Maxwell, and utilized the mathematical genius of his 
friend in his work, and it was Maxwell who, working 
on the theory of dimensions, did much to definitely fix 
the relations of force, work and energy in all the form- 
ule off physical units which have sprung from the 
theory in question. It is impossible to dwell too 
strongly on this point in the development of physics 
during the last fifty years. Until foree was accurately 
distinguished from energy the doctrine of the conserva- 
tion of energy could not be utilized, and it is precisely 
on this doctrine that the whole of modern physics is 
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constructed. It would be fair to term the theory the 
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of dimensions is a necessary comment upon it, 
putting it into precise shape with due results. 

The battle between the undulatory and the corpus- 
cular theories of light had waged hotly, Newton and 
Young being the rival authorities appealed to, but the 
last fifty years have seen the undulatory theory uni- 
versally accepted, and, in connection therewith, have 
seen the theory of electricity based on the luminife- 
rous ether and its disturbances also accepted. Light 
and electricity thus were brought into near relations 
with each other, and a sort of conviction was estab- 
lished that no substance transparent to light could be 
a conductor of the electric current—something remark- 
ably verified by the allotropic forms of carbon. Again 
we find the name of Clerk Maxwell, the developer of 
the electro-magnetic theory of light, foremost in the 
work of establishing the unity of natural science. 

In 1850 Fizeau announced the success of his determi- 
nation of the velocity of light by a physical test, using 
his rotating mirror to displace the apparent reflection of 
an electric spark. His results were close to the truth, 
and subsequent determinations by astronomical as well 
as by physical methods have but slightiy affected them. 

Mayer and Joule had developed the modern theory of 
heat, so that during the last fifty years comparatively 
little of basic work was possible. Melloni’s work on what 
was called radiant heat, which comes nearly within our 
period, is an interesting example of oid methods. The 
identification of this “ radiant heat” with light phe- 
nomena is a direct growth of a recent period. Now it 
is treated as a particular phase of ether waves and the 
term itself is rejected. If the ether waves are long 
enough, they produce “ obscure light,” if the expression 
may be allowed, the old radiant heat. If of a certain 
range of length, the optic nerve is affected and light is 
produced. If still shorter, they cease to affect it again. 
Light becomes a subjective phenomenon, treated un 
der the subject of ether waves. Chevreul’s monumenta) 
work on color phenomena belongs to the light-produc- 
ing division of ether waves, largely in the order of sub- 
jective phenomena. 

Sound has been the subject of extensive research, 
Helmholtz’s analysis of the physiological basis of music, 
published in 1862, marking perhaps the greatest epoch 
in the recent development of the subject. Mathematics, 
physiology and experiment were all devoted to the ae- 
complishment of his great task, and the effect of over- 
tones in giving its distinguishing quality to a note was 
formulated. By the use of a telescoping resonator 
Helmholtz succeeded in determining precisely what 
overtones existed in any given sound, and then by 
producing simultaneously the fundamental and over- 
tones previously determined he reproduced mechani- 
cally the sound in question. This gave the analysis 
and synthesis of a sound. Koenig may be cited as a 
developer of apparatus for such study, some of his 
acoustic apparatus being a true scientific triumph. 

-Faraday’s work has done much to elucidate the phy- 
sies of electricity, and the magneto-generator cf cur- 
rents and the electric motor were natural sequences 
thereof. Physicists developed the subject and con- 
structed motors with electro-magnetic fields, until 
gradually the conception of a seli-exciting dynamo 
arose, and soon currents of high intensity began to be 
produced by self-contained generators. Then came the 
greatest discovery of all, that a machine adequate in 
its revolutions to generate a current would, if a current 
were passed into it from an outside source, generate 
mechanical energy. This convertibility of the dynamo 
into a motor was a beautiful sequence of the doctrine 
of the conservation of energy, and at once enabled us 
to convert mechanical energy into electrical energy and 
vice versa. 

Spectrum az:!ysis is justly considered an achieve- 
ment in physics, and in the hands of astronomers it 
has led to the discovery of double stars and the deter- 
mination of the velocity of the motions of stars reced- 
ing from or approaching to the earth. Helium was, in 
1872, announced as a probable constituent of the sun 
from lines in its spectrum. Recently Ramsay has iden- 
tified it in the gas given off with argon from the min- 
eral cleveite. 

The discovery of argon, as the result of a physical 
investigation, is one of the triumphs of modern sci- 
ence. It wasfound by Rayleigh and Ramsay that ni- 
trogen gas from the atmosphere was of higher specific 
gravity than that from chcomical compounds. The 
hithert> unknown constituent of th air, argon, was 
discovered and a new element was added to the list, an 
element which mankind had been breathing unsus- 
pectedly for all time. The acuteness of the millionaire 
scientist of the last century, Cavendish, is shown in his 
paper on nitrogen, in which it is almost certain that he 
describes the discovery of argon. He only dared to 
suggest the existence of any such gas; bis suggestions 
slumbered for over a century. 

The work done by the different scientists in physics 
during the last years is too vast to bear repetition. 
Every branch of the subject has been worked up to the 
highest state of development ; throughout every phase 
of investigation the definite mathematical relations of 





physical units, of time, space, force, work, energy and 
others, appear as the guides. The physicist has worked 








‘SUOLNTANI NVOIMITKVY — SSTUDOUd LO NAN 


” som ““Soomee aewom ° a 1 ? “ Un er wvaacooe Olav bag. 
ey atta. 4 ° Peers 
eocco™s aan 1? was0o? WRaae 
TK 00 pony he poy 
wre hay PAR CMPUT ME A) ID) TRON MYL PABD TAD) wy © oy etn 0 cue) 2 wy 6) Copa paarag 


[JuLY 25, 1896. 


a 
= 
ba 3 
— 

— 
cee 
a 
a7 

— 

Tee 

— 

_— 
= 
as 

— 
— 

Re, 





JuLY 25, 1896. ] 


_ spectroscopic analysis with most brilliant results. 
ngley’s classic results with the bolometer in the in- 
_jble infra-red spectrum being worthy of citation as 
example of the requirements of modern physical 
ts. In the same line Michelson worked in the ob- 
ning of a seientifie unit of length by using the wave 
vth of specified light, and this is a wonderful illustra- 
in of the refinement of physical methods. The old time 
tinetion of vapor and permanent gas has ceased to 
ist, as all the gases have yielded to the experimenter 
| have been liquefied, and, in many cases, solidified. 
1okes discovering peculiar phenomena in gases at 
-y high degrees of exhaustion endeavored to prove 
‘existence of a fourth state ‘of matter, adding one 
the long accepted division. While his researches 
ve not definitely established this fact, they have led 

way to the most recent of the discoveries of phys- 
_“Jast of all the greatest,” the X ray phenomenon 

overed by Roentgen, a name that will go down to 
‘erity with that of Newton, Faraday and Maxwell. 


MEN OF PROGRESS. 

(in the opposite page we present a reproduction of the 
lane engraving, “Men of Progress—American In- 
ventors,” @ fine steel engraving which was published 
by Munn & Company. The original oil painting from 
which the engraving was made was painted by C. 
Schussele in Philadelphia, in 1861. It was engraved on 
steel by John Sartain, a Nestor of American engravers. 
it is a fine example of the perfection to which steel en- 
graving has been brought at the period in which it at- 
tained its highest development. In thousands of homes 
to-day this superb engraving still ornaments the walls. 

On the left of the engraving is Dr. Morton (1819- 
1868), a dentist, who first used ether as an anesthetic in 
i446. From this dates the introduction into surgery of 
ethereal anesthesia ; next to him is James Bogardus 
(1800-1874), whose numerous inventions inelude a ring 
spinner, an engraving machine and the first dry gas 
meter. He was also interested in building iron build- 
ings, and was one of the fathers of the modern sys- 
tem of iron construction. Col. Colt (1814-1862), the in- 
ventor of the Colt revolver, who is next to him, is 
referred to elsewhere in the more extended biographi- 
cal notices, as is also Cyrus MeCormick, the father of the 
reaper, who is at his right. Behind is Joseph Saxton 
(1799-1873), who devised ingenious mint machinery and 

coast survey and meteorological instruments. 





Charles Goodyear (1800-1860), who is seated at the | ¥ 


table, immortalizéd himself as the inventor of the pro- 
cess of vulcanization of rubber, which he patented in 

. ior his varied talents and many inven- 
ti d for the suecess he met with in the develop- 
ment of the glue industry in this country. ~He was in- 
terested also in various iron works which he successfully 
exploited. His name will always be remembered as a 
philanthropist, for he founded and endowed Cooper 
Union in New York. Seated at the table is Jordan L. 
Mott, who will be remembered for his works in iron, 
fuel, ete. Leaning on one side of the pillar is Prof. 
Joseph Henry (1797-1878). He was an American 
physicist, especially noted for his investigations in 
electro-magnetism. On the right of the center. is 
Dr. Eliphalet Nott, who made important researches 
on the management of heat. Behind is Capt. 
John Eriesson, of whom a more extended account 
is given on another page. In front is Sickles, who in- 
vented a steam cut-off. Seated in a chair is Prof. Morse, 
who is perhaps the most imposing figure in this unique 
collection of American inventors. His portrait and a 
biographical sketch may be found in another page. 
Behind is Henry Burden (1791-1871), a Seotch-American 
inventor. His inventions include a cultivator (1820), 
the hook-headed railroad spike, and a machine for 
making horseshoes. This machine produced from the 
iron bars sixty horseshoes per minute. In 1833 he built 
a cigar-shaped steamboat 300 feet long, which was 
afterward lost. 

Richard Hoe, who is at the left of Morse (1812-1886), 
perfected, in 1846, a rotary printing press, which re- 
ceived the name of Hoe’s lightning press, and he sub- 
sequently invented the Hoe web perfecting press. 
These inventions are deseribed on another page. Next 
‘o him is Erastus Brigham Bigelow, who will be re- 
‘membered for his inventions in relation to the carpet 
loom. In 1888 he patented a remarkable loom for 
Weaving knotted counterpanes. In front of him is 
Jennings, who made important discoveries and in- 
ventions the manufacture of matches. 
Thomas Blanchard (1788-1864), is chiefly known for his 
eccentric lathe for turning irregular forms, such as 
lasts, spokes, gunstocks, ete. He also invented a tack 
‘nachine in 1806, and a steam carriage in 1825 ; he also 
built @ stern-wheel boat for shallow waters, which is 
Ow largely in use in Western rivers. Howe, on the 
*\treme right, is referred to in the article on the sewing 
‘achine and also in the brief biographical note which 
“ll be found on another page. The group is one of 
‘\(treme interest as representing those inventors who 
“ere especially distinguished about the time of the 
breaking out of the civil war. It is to be hoped that 
“ome artist will come forward and portray the inven- 
‘ors of the last deeade of the nineteenth century as 
fuithfully as has the painter of these “ Men of Progress.” 


Wool 
ands Peter Cooper (1791-1883), who 
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THE TEXTILE INDUSTRIES OF THE UNITED 
STATES SINCE 1846. 


Modern methods of textile manufacturing had their 
begianing in the forties, or about fifty years ago. The 
inventions that have contributed to make the textile 
industry in the United States what it is to-day first 
made their appearance at about that time. The mod- 
ern system of textile manufacturing, therefore, has had 
an existence of almost exactly half a century. Before 
then, the various processes of manufacturing were in a 
sort of transitory or equivocal state of existence—in- 
harmonious one with another. For a hundred years a 
struggle had been going on for the establishment of an 
equilibrium between them, which was not fully effected 
and realized till 1851, when systems, mechanical methods 
and comparative perfection of product became known 
to the world at the London international exhibition. 
The manufacturing world then, for the first time, be- 
caine cognizant of the fact that there was before it the 
beginning of a new era of existence. American and 
foreign inventions had brought about this improved 
condition of affairs. The great inventions of the 
eighteenth century had served their purpose and been 
superseded by those that allowed more continuous and 
automatic operations. The spinning mule had been 
made successfully self-acting; the jenny had been 
thrown aside, while its coadjutor, the billy, was made 
to serve a new purpose in wool spinning as a more im- 
portant auxiliary to the carding machine ; and the lat- 
ter for wool had been modified and new devices at- 
tached to it for the purpose of simplifying processes 
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The silk manufacturing industry of the United States, 
in the diversity and excellence of its product, has made 
commendable progress within the last forty, and even 
ten or fifteen years. The Chicago Exposition of 1893 
revealed an elegance of American silk manufactur< 
that the general public scarcely dreamed of as having 
an existence. In 1850 the silk manufacturers of this 
country were confined almost wholly to sewing silk, 
and no marked progress was made till after 1870, when, 
by the census of 1880, it was seen that considerable ad- 
vances had been made in the manufacture of dress 
goods, which by 1890 became of the first importance 
with that of ribbons. In color, design and finish, 
American silk dress goods compare favorably to-day 
with the best made abroad. The silk industry is 
chiefly (91 per cent) confined to the four States of New 
Jersey, New York, Pennsylvania and Connecticut, 
centralized in certain localities, Paterson, N. J., being 
first in importance. The status of the silk industry in 
the United States may be seen from the following sta- 
tistics, taken from the 1890 census : 


VALUE OF PRODUCTS. 
value. 














United States, gross value......... ........ -.. 605. : .. $27,208,464 
New Jersey, Paterson.......... $22,058,064 
Elsewhere. . 8,701,747 $30,760.97! 
New York, New York City... 13,570,4m 
Eleewhere......... 5,838,334 19,417,796 
Pennsylvania, Philadelphia. ... 8,059,604 
RAR 11,207,942 14,357,546 
PE dtudoe «SG Kovcstdanes case ve ts . 9,788,951 78,324,684 
I wns hd SbSbanseoncansendans e. $7,973,790 


The silk industry is centered chiefiy about Paterson, 






































and improving the quality of work done. The cotton! New York and Philadelphia. Not far from 60 per cent 
manufacturing industry had attained development or | of it is so situated. 
S a Capital. 
’ Value of Plant. 
Industnes, - Value of 
- Products. 
Aggregate. Z Live Assets. 
° Machinery, 
Total. Land, Buildings. Tools, and 
: Implements. 
ot bite Ana $496,339,968 | $204,925,288 | $156,599.07 $31,273,584 | $106,513.25 $202,014,089 | § 
Oeee00+ a f- M4, 408,667 S75 
Iron and tee)... ..... sescco-sss 478,018 210,830,316 81,553,087 42,766,656 136,510,573 162,647,702 | 50,954 348 
Cotton goods... ....c.2..22202. ey oeomonse; | sax. |  enréaees | 138025 m0 | i2a0z7.275 | aer.gst ras 
|-——_——- 
‘olen goods......,......6ssece0e 130,989,940 820,243 $6,584,819 382,575 1, 952,847 73,169,607 | $138,577,977 
Worsted goods............... . cates 116 oF son 3l0 2,842,769 ON Sones se emer ioeoes $ 79,194,652 
Fd AeA © weiontpecensvened 208,842 17,375,384 2,884,139 5,559,458 8,931,787 20,833,458 | 47,770,198 
| agentdpgnachcosscmrse ae | ae 144,350 altos conse, | soerats | sano 
Hosiery and init goods.......... 50,807,738 | 98,574,761 2,271,466 @.194088 | 15,100,207 | —ar.oaearr | 67. 241.018 
_ "ERS Reon | $206,494,481 | $129,781,571 $14,954,328 $40,144,544 $74,622,704 | $166,772,910 $327,768,524 

















made more rapid progress to maturity than had been 
the case with the woolen industry. But at that period 
both, it may be said, began a new life, regenerated, 
and started upon their present career. The Crompton 
fancy cassimere loom, which first appeared in the for- 
ties, and John Goulding’s inventions affecting carding 
and spinning, which began to be appreciated at that 
time, did more to modernize the woolen industry than 
anything else. The worsted industry, as it is known 
to-day, had its beginning at that period in the perfec- 
tion of the combing machine, more, however, as an 
English than an American industry, the latter appear- 
ing later. The silk manufacturing industry, also, be- 
gan about this time with its centralizing at Paterson, 
N. J. 

At the beginning of the 1860-60 decade, the three tex- 
tile industries that will be considered in this article, 
cotton, woolen and silk, were well established, and 
have remained important factors in the industrial de- 
velopment of the country. Their relative growth may 
be seen in the following census statistics showing the 
comparative value of products : 
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Cotton, eons Woolen. cmt. Silk. cont. 

1 860.184 [| 546 | $49,636,881 438 $1,809,476 16 
ine 15,681,774 | 57°0 80,734,606 4200 6.007, 771 30 
1870 | 177,489,788 | 43°6 | 217,468,826 53°4 12.210,662 30 
1880 1 B8°4 267 252,913 534 41,073,045 82 
1800 | 267,981,724 | 38°7 | 337,768,624 48°8 87,208,454 | 12°5 











As will be observed, measured by the value of their 
products, the cotton manufacturing industry was pre- 
eminent over that of wool in 1850 and 1860, but occupied 
second place in 1870, 1880 and 1890. Abnormal condi- 
tions existed in the sixties, favorable to the woolen and 
detrimental to the cotton industry, giving the former 
an impetus that put it first in rank, which it has since 
retained, though its relative position has been some- 
what diminished since 1890, based on the productive 
capacity of machinery, product values not being ob- 
tainable. Since 1890 the productive capacity of the 
cotton manufacturing industry has increased about 13 
per cent, while that of the wool manufacturing indus- 
try has increased only about 8 per cent. There is no 
doubt, however, that the woolen industry still holds its: 
first position in the textile line in the value of products. 
The silk industry has been steadily gaining, as will be 
seen, since 1850, till it oceupies a relative position of no 





mean proportions. 


The relative status of the cotton and woolen indus 
tries, as it existed in 1890, and which is preserved to 
day, or nearly so, may be seen in the foregoing table. 
The four leading manufacturing industries of the 
United States are here given, the lumber manufactur- 
ing interest holding the commanding position in the 
amount of capital employed, without including plan- 
ing mill products and the more advanced articles of 
wood manufacture. Iron and steel rank next, without 
including anything manufactured therefrom. The 
manufacture of cotton goods occuwies the third, and o' 
woolens, the fourth position. In the vaiue of preducts 
the relative positions are somewhat changed. But tak 
ing the two great textile industries—cotton and woolen 
—together, and, in amount of capital and value of 
products, they stand supreme over all others. Taking 
all the six New England States together, where these 
manufactures mainly exist, 34 per cent.of the capital 
invested in all kinds of manufactures is represented in 
the cotton (21 per cent) and wool (13 per cent) manu- 
facturing industries. The importance of these indus- 
tries to that section are thus seen, and the effect their 
prosperity has upon the communities in which they 
are located. 

The cotton manufactures of the United States, as 
noted above, advanced in the value of their products 
from $62,000,000 in 1850 to $268,000,000 in 1890, or 3382 
per cent. In number of spinning spindles the advance 
was from 3,600,000 to 14,200,000, or about 300 per cent. 
The increase in value of product and in number of 
spindles was about the same for this period. The num- 
ber of spindles in 1846 was about 2,400,000; in 1895 it 
was 16,100,000, an increase of 570 per cent, and the 
annual consumption of cotton, per spindle, was 73°4 
and 80°5 pounds respectively. The consumption, per 
spindle, it would thus appear, has increased but 
slightly within the past fifty years. But important 
factors have to be considered in this connection ; as con- 
sumption per spindle is, after all,no more than a sta 
tistieal curiosity, meaning much or little, according as 
it is used. Speed of spindle and count of yarn must 
be taken into calculation. The productive capacity of 
a spindle to-day is about 44 per cent greater (some are 
inclined to put it more) than it was fifty years ago, so 
that measured by this standard the cotton manufactur- 
ing industry has advanced within the past fifty years 
not 570 per cent, but 866 per cent. That this is not 
shown in the consumption of cotton is due to two 
causes ; less running time and finer counts. 

The progress that has been made in the mechanicai 
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processes of cotton manufacturing is gaged more satis- 
factorily by the advance that has been made in the 
improvements in spinning on the ring frame. 
machine is peceliarly an American invention, while the 
mule is not. In 1890, 68 per cent of the number of 
spindles in the United States belonged to this machine. 
It asserted its vaiue to manufacturers before 1850, but 
little was done to it or any machine used in cotton 
manufacturing till after the late war, more than in per- 
fecting details. In this latter respect, however, the 
progress was marked, so that by 1865 all the mechanical 
processes had been brought to a high standard of effici- 
ency, equal, if not superior, to anything of like charac- 
ter observed in other branches of the textile industry. 
war the perfecting idea has chiefly 
gaged the time and attention of machine builders, 
of late years the introduction of what is known 
as the revolving flat card (an English invention), and 
more particularly the Northrop automatic loom, has 
a new impetus of great 


Even since the 


thongh 


given cotton manufacturing 
significance 
in the spinning frame the productive capacity and 


factory are distinctly | 


progressi vi f a eotton 
noted. The machine has not till quite recently been 
brought to asufficiently high state of perfection for spin- | 
ning fine counts of yarn to bring it into competition | 


step: o 


with the mule, and especially so in the spinning of fine 
weft. A very recent invention gives great promise of | 
| 


overcoming difficulties of this kind, and within a few | 
months it has been put into practical operation in one 
of the fine yarn mills of New England upon weft as fine 


as number 110, which to a manufacturer means a tre | 
mendous advance in this me 
thod of spinning, and which 
to him has much greater sig 
nificance whe it is stated 


that this weft yarn has all the 
cnaracteristics of 


with the front or delivery rolls 


nule yarn, 
of the machine speeded at 84 
turns per minute and the spin 
dles putting in 28°92 twists per 
This 


greatest aivanced step taken 


inch is probably the 


in cotton manufacturing with 


rier of a century 


in the last qu: 


or more, with the excepti m of 


that in weaving by the North 


rop loom which mA worne»r 


ful product of American inge 


nuity and persistent enter 


prise. This loom ranks with 


the seif-acting mule and the 


Crompton fancy cassimere 


loom 


as the grandest inven 
tion in the textile machinery 
the 


it is epoch making 


line within present cen 
tury 
The 


manufacturing 


tendency of cotton 


in the New 


England States is toward finer 
goods than 


yarns and more 


what is indicated in the con 
sumption of long stapled cot 
ton of Sea Island 


and foreign gr Still, the 


domestic 

wth 
latter furnishes the only means 
of The 
sumption of this kind of cot 


estimating ii con 
ton is nearly 60,000,000 pounds 
to«lay to less than 16,000,000 
pounds seven years ago, when fine spinning by Northern 
inilie received a new vitality due to the competition of 
Southern mille which had become particularly sharp on 
coarse yarn spinning. To-day, about six per cent of the 
consurmption of Northern mills consists of long-stapled | 
cotton for specially fine yarns, while in 1889 and 1890) 
this consmmoption was somewhat less than two per cent. 
The progress toward the spinning of extra fine yarns is 
evident, yet it cannot be said that American mills are 
more than at the beginning of an era of fine yarn 
apinning | 
The manufacturing industry of the United) 
States has always been one of particular solicitude for 
legislators and others. Wool growing and wool mannu- 
facturing have for the last thirty years been mutually 
supporting in a legislative way. Within the last fifty 
years the wool manufacturing industry has expanded 
from an annua! product of about $50,000,000, in 1850, to 
nearly $335,000,000, in 1800. In the forties, and for 
many years thoreafter, the woolen product of this coun- 
try was mainly broadecloths, flannels and satinets, all 
honest goods to the extent of using pure wool, very 
little shoddy or woo) substitutes being employed till 
after 1860, when the practice of nsing adulterants was 
largely indulged in, with many examples of creditable 
success #0 far as skillin deceptive manufacture was con- 
cerned. The tendency toward larger factories and con- 
centration of capital is noted in the census of 1860,which 
gave 1,476 establishments capitalized at an average of 
$26,300 per establishment, compared with an average of 


wool 
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PROJECTORS OF THE TRANSATLANTIC CABLE. 


thus : plain goods of pure wool, as broadcloths, satinets 
and flannels, with a tendency to fancy cassimeres, frora 





dency to worsted fabrics for men’s and women’s wear, 
from 1860 to 1880; and since 1880, worsted fabrics for 
| men’s and women’s wear, with no particular tendency 
‘away from these fabries, all energy being devoted 
|toward their perfection and attractiveness. These 
| changes have been brought about by the mechanical 
inventions which have made these manufactures possi- 
| ble in a manner that appealed to the taste of the fash- 
|ionable world. The chief mechanical factors in these 
| changes were the loom and the comb, now brought to 
'a remarkably high state of efficiency. There is proba- 
bly a third more worsted fabrics made now than in 
1890. It is the combing machine, for wool and cotton, 
that is to act the chief part in determining the charac- 
ter of American textile manufactures for the next ten 
years or more. It is only within the last fifteen years 
that any conspicuous advance has been made in comb- 





|ing comparatively short-stapled wool like the merino. 
|The introduction of aclass of machinery capable of 


effecting this has revolutionized the wool manufactur- 
ing industry of this country. The value of the worsted 


manufactures of our mills has increased from $3,701,378 


in 1860, per annum, to over $100,000,000, in 1895. 

The manufacture of knit goods has increased rapidly 
within the last few years, of which there are no official 
statistics, in line with the progress nade during the de- 


'eade of 1880-90, within which period there was an ad- 


vance in the value of products of 131 per cent, exceed- 
ing that of any previous decade. Before 1850, the knit- 





8. F. B. Morse. Daniel Hantington. 
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ting industry was of small concern, not large enough to 
excite more than local interest. 
THE SUBMARINE CABLE. 

The history of telegraphy gives an early date to the 
first conception of a submarine cable, as many of the 
earliest experiments in telegraphic transmission were 
made under water with an insulated wire. Morse’s 
experiments of 1842 between Governor's Island and the 
Battery in New York gave him a basis for his predic- 


| tion that the Atlantic would yet be crossed by a tele- 


graph eable. In 1845, Ezra Cornell, who, we have 
seen, is identified with the early progress of the tele- 
graph, laid a cable across the Hudson from Fort Lee to 
the city of New York, which did good service for a 
year, when it was destroyed by ice. In Europe, the 
first genuine submarine cable dates back to 1850, when 
a gutta percha covered copper wire was laid between 
Dover and Calais, which lived only a single day, friction 
against the rocks destroying its insulation. Another 
one was laid in 1851. This new one was armored with 
ten galvanized iron wires and operated for many years 
successfully. Two years later Dover and Ostend were 
connected. 

It now became evident that the time was approaching 
for carrying out Morse’s prophecy. Mr. Brett, of Eng- 
land, had been identifiey with the Dover-Calais cable. 
Mr. Cyrus W. Field and other capitalists with Mr. Brett 
organized a company in 1854, and Mr. Field obtained 
a franchise from the provincial government for fifty 





$145,000, as given in the census of 1800. The changes 
and progress in the woolen industry may be epitomized 


years for landing transatlantic cables in Newfound- 
|land. In 1856 soundings were made between Ire- 








Cyrus W. Field. Wilson G. Hunt. 





land and Newfoundland, and after several attempts 
a successful cable was laid between Nova Scotia and 


This | 1845 to 1860; faney cassimeres and flannels, with a ten-| Newfoundland. The first attempt at spanning the ocean 
| began on the 7th of August, 1857, when the English 


ship Agamemnon and the American ship Niagara lay- 
ing a cable started from Valentia, Ireland, and directed 
their course for St. Johns, Newfoundland. The cable 
broke on the third day. A second attempt was made 
in 1858. This time the work of laying the cable was 
commenced in mid-ocean, the ships separating and 
proceeding shoreward, one to the east and one to the 
west, each laying cable as they separated. Two fail- 
ures in the cable caused the abandonment of this ex- 
pedition when about three hundred miles, at the most, 
of cable had been laid. Again the effort was made, and 
on the 5th of August, 1858, the third attempt ended, the 
laying was successfully accomplished, and Cyrus W. 
Field sent his first telegram across the ocean from 
America to Ireland on the 7th of August of that year. 
The insulation soon began to fail, and on the Ist of 
September the cable broke down entirely. Oliver 
Wendell Holmes’ poem on the subject of De Sauty, the 
electrician of the company, with his message, ‘‘All right, 
De Sauty,” as its refrain, will be recalled in connection 
with this breaking down of the thin strand on which so 
many hopes depended. 

Between August 13 and September 1, 1858, 129 messages 
of 1,474 words were sent westward, and 271 messages of 
2,885 words were sent eastward, when the cable failed. 
A message from Queen Victoria to the President of the 
United States, 99 words long, required 67 minutes for 
its transmission. Endless trouble was experienced in 
operating the cable before it 
ceased to work at all, and up 
to December 1, 1858, the com- 
pany had expended $1,834,500 
in its failure. The interval 
that elapsed between this and 
the successful laying of the 
next cable was due largely to 
the civil war, but during the 
twelve years from 1854 to 1866 
Mr. Field never abandoned 
the subject, and crossed the 
ocean some fifty times, largely 
in the prosecution of the plan. 

A new company was formed 
in 1866. A second cable had 
been laid part way across the 
ocean and abandoned the year 
previous, breaking after 1,200 
miles were laid. The new 
company started a new line 
across the ocean and intended 
to pick up the abandoned 
cable and put that to work 
also. The line was commenced 
in Ireland, on the 13th of July, 
1866, and was finished on the 
27th of the same month, and 
on the 4th of August, 1866, the 
Atlantic cable was declared 
open to the public. 

The other cable was grap- 
pled for and recovered, and 
it was completed, thus giving 
two lines between the conti- 
nents. Cyrus W. Field re- 
ceived great renown from his 
work. The United States 
Congress voted him a gold 
medai, the Paris Expnsition of 1867 gave him a gold 
medal, and he would have received high honors ina 

ingland, it is said, had he not been a citizen of 
another country. 

The Great Eastern, the most monumental failure in 
the history of steam navigation, seemed for a time to 
have found a scope for her abilities in the laying of 
transatlantic cables, but since her time many special 
cable ships have been built, with every appliance for 
successful and cheap prosecution of the work of laying 
cables, and the Great Eastern has been broken up for 
old iron. The cable is payed out over the stern of the 
ship through special apparatus by which any desired 
strain can be put upon it. The theory is that it has to 
be laid upon the bottom, no suspension from summit to 
suinmit of subaqueous ridges being permissible. Hence 
it has to be fed out at varying strain and rate aecord- 
ing to the slope of the bottom on which it is being 
deposited. The work has become wonderfully sys- 
tematized. Cables are laid at sea with the same un- 
concern that attends any ordinary voyage in a well 
equipped ship under favorable conditions. Thesystem 
of buoying the ends of cables has become so perfected 
that a ship now has no hesitation in dropping the end 
of the cable, to be picked up at any time convenient in 
the future. Nevertheless, the early struggles in the lay- 
ing of the cables form most impressive lessons in the 
ability of mankind to overcome obstacles. 

After the failure of the first European-American 
cable, a new route was agitated from Labrador to 
Scotland, by way of Greenland, Iceland and the Faroe 
Islands. This route is about 1,800 miles long, and the 
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zest water distance is 600 miles. Other deep sea 
ies between Sardinia, Malta, and Corfa, and one 
n the mouth of the Red Sea to India were laid 
-tly after and they failed. A committee of the most 
nent electricians was organized by the English 
unber of Commerce and the Transatlantic Company 
-udy the subject, and after eighteen months of labor 
. jssued an elaborate report in 1863. Without wait- 
for their report a cable between Malta and Alexan- 
. had been successfully laid, in 1861, and in the year 
eeding their report, the Persian Gulf cable, about 


a*. 





i = 
omar Fi ‘ : 3 eo 
es [1 at Dae 


Ce) (cc 


<<< 











ere 


d 





Scientific American. 


wire, the great Pacific forming practically the only 
break in its complete cireuit, a break soon to be 
closed. 

We have reproduced for our readers, with the kind 
assistance cf the Postal Telegraph Company, the map of 
the world on Mercator’s projection, on which are drawn 
the many lines of cable now existing. This map is 
thoroughly up to date, and shows in a most interest- 
ing way the amount of work accomplished. One of 
the most impressive features is the number of lines 
across the Atlantic Ocean between Europe and Amer- 
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FIFTY YEARS OF PHOTOGRA?PEY. 

In the entire range of invention and discovery nothing 
shows a more brilliant series of successes than the art of 
photography. 

A hundred and fifty years ago, copies of writing bad 
been made by the action of light on sensitive paper. 
Giambattista Porta had invented the camera obscura ; 
and more recently Niepce and Daguerre by different 
methods had succeeded in making sun pictures; and 
Fox Talbot had invented the calotype or talbotype; 
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Herschel had given to the impression made from the 
























SECTION OF THE STEAMSHIP NIAGARA ARRANGED FOR LAYING THE TRANSATLANTIC CABLE OF 1858. 


1.230 miles long, was successfully laid. This was the 
major part of the work done prior to the laying of the 
Atlantie eable in 1866. Sir Wm. Thomson (Lord Kel- 
vin) was identified from its earliest days with the cable 
laying art, and in his works may be found many graphic 
accounts of difficulties encountered and how they were 
surmounted. His instruments were used in the earliest 
days for the transmission of signals. It was found that 
with a line of such high capacity, worked with ordinary 
apparatus, endless difficulties were experienced, but Sir 
Wm. Thomson overcame them at an early period. 
His reflecting galvanometer was made to give visual 
signals by movement of its spot of light upon the scale, 
and when it was desired to have permanent signals, the 
siphon recorder traced, by means of ink from a capillary 
orifice, a zigzag line upon a strip of paper and solved the 
problem, the great scientist recurring to Morse’s original 
written code produced by his old pendulum appar- 
atus. 

Fleeming Jenkin, the Edinburgh professor (whose 
life has been so charmingly written by Robert Louis 
Stevenson, a part of whose interest. consists in the re- 
flection of the author’s own character, as he was regis- 








ica. Hardly less impressive are the remote lines to 
New Zealand, Australia, Madagascar, and the Mau- 
ritius, while in the opposite sense the great Pacific, as 
yet uncrossed, marks the present limit of man’s achieve- 
ments. There is at present, however, a plan under 
way for laying a line across the Pacific from Vancouver 
to Japan, and the full plans were recently placed be- 
fore Congress, but up to the present writing the neces- 
sary co-operation has not been obtained. 

In the electrical outfit of the cable system, the prin- 
cipal progress has been in the adoption of a more deli- 
cate type of instruments for the transmission and re- 
ception of messages. The cables are generally worked 
on the condenser system, there being no through me- 
tallic cireuit. The Thomson and Varley transmission 
apparatus increased the old speed eight fold. Thom- 
son’s siphon recorder quadrupled the speed of the sys- 
tems used before its advent. 

The cuts accompanying this article are of special 
value. The section of the Niagara is reproduced from 
a contemporaneous wood cut which appeared in the 
SCIENTIFIC AMERICAN in 1858. The portrait group is 
a reproduction of a painting now preserved in the New 
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object the name “negative” and to the print from the 
negative the name “ positive.” 

Fifty years ago, in 1846, Schonbein discovered gun 
cotton, and soon after collodion was produced by mak- 
ing a solution of gun cotton in alcohol and ether. It 
was almost immediately adopted by Archer for a film in 
lieu of albumen and gelatine. Pictures produced on the 
sensitive film having collodion as the basis superseded 
the calotype and daguerreotype, and were niade almost 
exclusively after this discovery up to within fifteen or 
sixteen years. This film is still used by many photo- 
graphers for special purposes, but more particularly in 
photo-engraving, and for transparencies and lantern 
slides. The collodion film was used for making nega- 
tives as well as positives ; some of the best photographic 
pictures ever produced were made by means of wet 
plate collodion film negatives, albumenized paper being 
used in making the positive prints. Prior to the use 
of albumenized paper sensitized with the silver salts, 
glass positives, called ambrotypes, were introduced by 
making avery thin negative image and backing the 
plate with asphaltum varnish or black velvet, the 





black background producing a positive effect. In 
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SUBMARINE CABLES OF THE WORLD, WITH THE PRINCIPAL CONNECTING LAND LINES, ALSO COALING, DOCKING AND REPAIRING STATIONS. 


tered as astudent under Prof, Jenkin at the University 
of Plinburgh) gives an excellent account of the difficul- 
ties experienced by the early cable layers, in which ex- 
Pevlitions Jenkin, great sufferer from seasickness as he 
"as appeared as an enthusiastic worker. To-day all 
+ “nged. There are a whole fleet of cable ships used 
methods have become systematized to the last de- 
kr Cables are turned out from the: factories 
ngths of thousands of miles without imper- 
on, and the world is almost girdled by electric 


in 
fo 





York Chamber of Commerce, and represents the incor- 
porators of the Atlantic cable of 1858 assembled in the 
library of Cyrus W. Field, the philanthropist-inventor 
Peter Cooper presiding. In the background the artist, 
the great American portrait painter, Daniel Hunting- 
ton, has introduced his own portrait. The cost of the 


some cases they were bleached by means of a solntion 
of mercuric chloride. 
upon thin japanned iron, commonly called tintypes. 


Collodion positives are still made 


After a great many experiments the modern dry 


plate was produced, not in its present state of perfec- 
tion, but in a way which indicated its capabilities. 


“able laying and for repairs, and appliances and | pain 


ting alone was $20,000, and a long list of donors 
subscribed for its production. 

Finally, the map gives the authoritative presentation 
of the world’s network of cables corrected up to date 
specially for the SCIENTIFIC AMERICAN. 





The gelatine dry plate could not be made in perfection 
until after the gelatine itself had been improved so as 
to render it suitable for this purpose. It is to the per- 
fection of the extremely sensitive dry plate that the 


great popularity of photography is to be attributed. 
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Barring the bieycle, probably no craze was ever 80 
widespread as that of modern photography. Methods 
of manipulation and improvements in lenses and appara- 
tus have kept pace with improvements in the art itself, 
and the large demand for apparatus and material 
effected a corresponding reduction in prices. Lenses 
have been devised for every use, and the very recent 
improvements in optical glass have rendered it possible 
to produce ienses which are marvels of perfection. 

It is needless to mention the improvements in cameras 
and portable apparatus, for we think it would be 
almost a rarity to find a family of which some member 


this method. 

Lippman, of Paris, not long since discovered a very 
simple and interesting method of producing photo- 
graphs in color. He first produces a suitable negative, 
prints a positive from the negative and backs up the 
positive with a-film of mercury. The image is seen by 
‘reflected light, and the colors are produced by inter- 
ference of light in a manner similar to Newton's 
rings. 

Among other developments in photography within 
very recent years may be mentioned several methods of 





a 
positive. Some very beautiful effects are produced by 


is not practically interested in photography. A great | reproducing photographic pictures in black and white, 
impetus was given to modern photography by the/and other tints by lithography, photogravure, collo- 
invention of the hand camera and more particularly | type, half-tone and line etching. The collotype is a 


that of the magazine hand camera. Magazine cameras 
in great variety have been brought out. Most of them 
have been fitted for the use of roll films or cut films, 
but a small proportion are arranged for receiving glass 
plates. Such cameras have been made as large as 8 by 
i0. The beautiful modern folding camera, being very 
light and portable, has become a great favorite with 
both professionals and amateurs. It is even more port- 
able than the magazine camera. 

From the ordinary side window as a source of illum- 
ination, the daguerreotypist turned to the skylight, and 
special skylights, some of them of large size, were con- 
atructed and used to great advantage in the production | 
of pictures which have never been surpassed in soft, 
delicate shading. 


simple style of photographic reproduction. In making 
the collotype, the glass which is to support the film is 
finely ground and a solution of albumen and silicate of 
soda and water poured over it to form a foundation for 
the film. Upon this foundation is poured a solution of 
ammonium bichromate and gelatine in water. When 
the plate is dry it is exposed to the light through a 
negative and immersed for a time in cool water, after 
which it is dried in a bath of glycerine and water, and 
eoated with printing ink. The plate is then printed 
according to the method of the lithographic printer. 

In photogravure the shadows are depressed in the 
plate, and the printing is done on practically the same 
principle as that of steel or copper plate printing. 

In making a photogravure, a transparency or posi- 





After the invention cf highly sensitive plates it was 
possidle to make a good picture with a smaller sky- 


tive is taken from a negative by any of the well-known 
methods, and a copper plate larger than the print to be 


light, also with a good sidelight, when suitable screens | made is cleaned and dried and then coated with a solu- 


were provided. With sensitive plates came the use of | 
artificial lighting and flash lights for instantaneous 
work in the night, and in caves and dark places. 

Since the development of the electric light many 
photographic establishments have been fitted out with 
electric lighting apparatus, permitting of taking por- 
traits at night and in cloudy weather. An additional 
advantage in the use of artificial light is that of ecarry- 
ing on the work on the first floor, thus saving stair 
climbing or traveling in the elevator. With proper 
Inanagement the amateur photographer may procure 
flashlight pictures at home in the evening which com- 
pare favorably with daylight work. 

Early in the history of photography it was noticed 
that true color values were not rendered in any photo- 





graphie pictures. Yellow, red, and green always ap- 
peared darker in the picture than in the object, wane 
blue and violet appeared lighter. To correct this de- 
fect in photographie pictures the plates were made | 
color sensitive by coloring them with applied dyes, or 
by incorporating the dyes with the emulsion used in | 
coating the plate. The difference between pictures 
taken with orthochromatie plates and those taken on 
ordinary plates is very noticeable. Colored screens 
have been used in connection with ordinary rapid 
plates for securing similar results, and in copying 
paintings, tapestries, and other works of art depending 
upon color value for effect. Both the yellow screen and 
the orthochromatic pilates have been applied simulta- 
neously 





Very early in the history of photography, in fact be- 
fore Daguerre’s discovery, the workers in this line con- | 
eeived the idea of making pictures in the colors ed 
nature, or as they are shown on the ground glass or | 
sereen of the camera obscura. 


tion of gelatine and potassium bichromate in water. 
The plate is then dried, placed in a printing frame, and 
exposed through the transparency or positive, after 
which the surface of the film is dusted, etched and 
cleaned, when the plate is printed from, after inking 
and wiping off, either in the same manner as a copper 
or steel plate engraving, or as an etching, leaving a 
thin film of color in different positions on the high 
lights to modify the effects. 

In the half-tone process the sensitive plate is exposed 
in the camera through a grating, which leaves a texture 
on the negative, which, when printed through on the 
bichromatized metallic plate, produces lines or dots, 
which are etched, and which, in printing, leave high 
lights and carry the ink, which produces the shadows. 
When three plates are made through three colored 
sereens and three impressions are produced from the 
plate with appropriate colors, very good pictures ap- 
proximating the tints of nature are produced. This is 
now the most popular method of illustrating with 
colors. Recently improvements in the shape of aper- 
tures in the sereen have been made. 

With the improvements in photography, the projec- 
tion lantern has been rendered very efficient, so that 
either colored or black and white pictures may now be 
projected upon a screen twenty-five feet square, pro- 
ducing very satisfactory results. In fact, some of the 
most popular entertainments of the day are on this 
order. With improvements in lenses, plates, and devel- 
opers the speed of photography has been increased to 
such an extent as to produce a distinct image in the 
space of yyh5y5 Of a second. This renders it possible to 


| eatch images of insects, birds and other animals and 


even projectiles in their successive positions. By re- 


Fugitive colored pic-| versing the process these images are reproduced in such 


tures were made which could be examined by weak | rapid succession as to give the pictures all of the move- 


light, but they were quickly destroyed when exposed | 
to strong light. No means was ever found for fixing 
these enlored images. Experiments looking forward to | 
the diseovery of some means of fixing and preserving 
the images have been carried forward without much 
success since the days of Daguerre. 

Tricolor photography is not a strictly modern inven- 
tion, but it has been perfected to a great extent within 
tem years, and very pleasing pictures can be produced 
by this process, although they do not present the ideal 


colored picture. Sach pictures are produced by using | 


ments of life, without any apparent break in continuity. 
This is in brief the principle of the kinetoscope. 
Photography has proved itself to be of incalculable 
value to other sciences. In surgery it has been em- 
ployed for differentiating tissues. It has been em- 
ployed for detecting stains invisible to the eye. It 
is a faithful recorder of physical phenomena, and has 
been made by Roentgen, in connection with the X ray, 
to show interior portions of the body, and make other 


| diselosures of a startling nature. 


In addition to these, photography has been used for 


three separate plates and taking the pictures through grasping celestial objects beyond the power of the eye 
three separate color sereens, red, green, and blue; a/| and telescope, for mapping the heavens, measuring and 
positive made from a negative taken through a red | recording spectra, showing the structure of the sun, 
sereen is transparent through all places where pure red | revealing the extent of nebul#, picturing comets, and 
is seen in the subject represented, also more or less in| making records of eclipses and other phenomena. It 
parts representing purple or violet and orange. A posi- has also revealed things beyond the power of vision and 


tive taken through the green sereen will be transparent 
in the parts that are green in the subject. It will be 
transparent also in the parts representing yellow. Ina 
similar way a picture taken through a blue sereen is 
transparent to the parts representing the blue portions 
of the subject. 

According to one method, the prints from the nega- 
tive are made upon sensitized gelatine, the gelatine 
carrying the color which is required to build up the 
portion of the picture demanding that color. When 
these three prints are made and superposed, they re- 
»roduce approximately the colors of the seenes repre- 
sented 

4 modification of this method which results in truer 
colors is accomplished by making three positive black 
end white prints representing the three colors and pro- 
jecting them on a screen, where they are superposed, 
suitabie colcred screens being placed in front of each 


the microscope. 


CHEMISTRY. 

An attempt to review the progress of chemistry dur- 
ing the last fifty years requires more space than this 
entire issue would put at our disposal. Fifty years ago 
chemistry and physics were both established on a firm 
basis. Chemistry had had nearly three-quarters of a 
century in which to develop its theory and had become 
tormulated into an exact science in which the results 
were attested by the balance and in which exact analy- 
ses were applied by some of the most brilliant minds 
that the world has ever seen. At that time and for 
many years subsequent the old binary or dual system 
of Berzelius was still employed by chemists, and those 
who graduated from the polytechnic schools and col- 
leges up to 1870 studied chemistry under what is known 


> 








as the old system. Dumas opposed the Berzelius sys- 


[Jury 25,1896. 
tem, and, supported by those constituting the French 


school of chemists, obtained a victory about 1832. 
Nevertheless, for forty years after that period the old 
system held sway, though of course to a greatly dimin- 
ished extent. To-day some of the old time chemivis 
who have been unable or indisposed to drop the old sy:- 
tem and have not changed it for the new still write sul- 
phurie acid HO,SO, instead of H,SO,, and so for other 
compounds. Those who, like the writer, studied chem- 
istry under the old system and had to change it for the 
new realize how much is involved in it; how great an 
improvement the new is over the old, and yet how 
unwillingly they dropped the system of their student 
days. The new system carried out Dalton’s atomic 
theory to its logical extent, and chemistry took on a 
more systematic aspect, and the consequences of the 
acceptance of Dalton's and Avogadro's law appeared in 
the monumental work of Mendeleeff. The indefati- 
gable scientist of Siberia, who, it is worth noting, is a 
seventeenth son, in a paper read before the Russian 
Chemical Society in 1889, at one bold stroke made his 
great announcement of the periodicity of the properties 
of the elements. In a halting way his predecessors had 
noted some slight relations between the atomie weights, 
especially of the four haloids, but Mendeleeff applied 
his system to the entire scheme of elements, drew up 
his famous table, showed how in accordance with it the 
elements ought to occur, and at once established one of 
the greatest triumphs of science, one that led to some 
of its most remarkable achievements. This table was 
filled with blank spaces where, in order to carry out 
the complete series, elements ought to exist. Almost 
immediately some of the spaces began to be filled by 
newly discovered elements, so that it was recognized 
that Mendeleeff’s law was, to a certain extent, prophetic 
and might point out the existence of elements yet un- 
known to us. It also led to a more accurate censorship 
of the atomic weights and of their other properties. 
Thus uranium, whose atomic weight was formerly taken 
as 120 and then 180, required for the Mendeleeff law 
240, a value confirmed by independent experiments of 
other chemists. Uranium is the element which marks 
one end of the Mendeleeff seale. Gold, tellurium, and 
titanium refused to come into the law under their old 
atomic valuations, but new determinations of atomic 
weights have brought them into the law with the 
others. 

A good indieation of the work of chemistry is in the 
discovery of new elements. Upon looking at the dates 
of the discovery of the different elements it is most sur- 
prising to see how many had been discovered prior to 
1846 and how few have been discovered since that 
period. Robert Bunsen in 1860 discovered rubidium 
and cesium; Crookes, in 1862, thallium; Reich and 
Richter, in 1863, indium ; Boisbaudran, in 1875, gallium; 
Marignae, in 1878, ytterbium; Boisbaudran, in 1879, 
samarium ; and in the same year Nilson, scandium, and 
Cleve, thuliam; Welsbach, in 1885, neodymium and pra- 
seodymium ; Marignac, in 1886, gadolinium ; Winkler, 
in 1886, germanium; Ramsay and Rayleigh, in 1894, 
argon ; Ramsay and others, helium, 1888 to 1895. Many 
of these elements have been discovered by spectrum 
analysis. In the early part of this century the 
laws of the production of a spectrum by permitting 
light to pass through the prism had been seriously 
studied and the properties of the spectrum so pro- 
duced examined. Kirchhoff, in 1859, studied the sub- 
ject as a physicist and soon attracted the attention 
of Bunsen. The latter’s unequaled genius for solving 
the most diffieult problems of chemistry brought about 
the construction of a new instrument of chemical re- 
search based upon the use of the prism, and the spec- 
troscope was invented. This was about 1860, and at 
once, for qualitative analysis and for the discovery of 
new elements, an unequaled instrument was put into 
the chemist’s hands. The work of Bunsen and Kirch- 
hoff filled the world with amazement and led to the 
most brilliant results in chemistry. By its more recent 
application to astronomy, double stars have been dis- 
covered and the determination of the composition of 
incandescent celestial bodies has been effected, and the 
substitution of ruled gratings for the prism has led to 
some of its most interesting developments. 

Woehler’s classic synthesis of urea marked the begin- 
ning of advanced synthetical chemistry. The mere 
catalogue of whiat has been done in organic synthesis 
would fill a volume. Coal tar has proved one of the 
great bases for synthetical work. Perkin, in 1858, pat- 
ented a dye stuff, aniline violet, and that dye marks 
the beginning of an enormous chemical industry, the 
production of coal tar colors. Color after color was 
discovered, and the very existence of the great madder 
fields of Europe was threatened by the discovery of 
coal tar alizarine. In analytical chemistry constant 
improvement was effected. Bunsen brought gas ana- 
lysis to a wonderful degree of perfection. His methods, 
unequaled for and precision, were gradually 





supplanted in the technical world by simpler ones. 
The chemists’ balance was improved largely by the la- 
bors of Becker and other world-famous manufacturers. 
The first edition of Fresenius’ works on analytical 
chemistry goes back fifty years; the great master of 
two generations of chemists in his role of master of the 





world of analytical chemists being almost contempora 
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us with the beginnings of the ScIENTIFIC| tries. The same is to be said fo 


ERICAN. 
ew methods of attack have been applied. The elec- 
furnace, in the hands of M. Moissan, has yielded 
arkable results. Fluorine, the element which for 
nany decades resisted isolation, was isolated by him. 
he utilization of electricity, rare metallic elements 

. also reduced from their compounds, and the elec- 
current was applied by Classen with much success 
‘he problems of analysis by electrolysis of aqueous 
itions of the double oxalates. The synthesis of car- 
and hydrogen has been effected on the large scale 
he electric furnace, in which carbides decomposable 





THE FIRST PHONOGRAPH. 


by water are first produced. The decomposition of 
these by water gives acetylene gas, a veritable triumph 
of synthesis. 

The every-day appliances of the laboratory have been 
improved beyond the dreams of old time chemists. Now 
special apparatus is procurable for all purposes. Rapid 
filtration, introduced originally by Bunsen, is really 
one of the notable improvements of the period we treat 
of, and in the hands of Gooch and others has been 
greatly developed and improved. 

It may seem that the chemist’s work is done, but it 








Scientific American. 





65 


. 








acetylene gas, already alluded to, 
li fli 
THE PHONOGRAPH. 

In December, 1877, a young man came into the office 
of the SCIENTIFIC AMERICAN, and placed before the 
editors a small, simple machine about which very few 
preliminary remarks were offered. The visitor without 
any ceremony whatever turned the crank, and to the 
astonishment of all present the machine said: “ Good 
morning. How do you do? How do you like the 
phonograph?” The machine thus spoke for itself, 
and made known the fact that it was the phonograph, 
an instrument about which much was said and written, 
although little*was knéwn. 

The young man was Edison, and the phonograph 
was his latest invention. ‘lhe edi- 
tors and employes of the Scren- 
TIFIC AMERICAN formed the first 
public audience to which it ad- 
dressed itself. Edison, even then, 
was a well known and successful 
inventor. The invention was novel, . 
original, and apparently destined 
to find immediate application to 
hundreds of uses. Every one want- 
ed to hear the wonderful talking 
machine, and at once a modified 
form of the original phonograph was 
brought out and shown every- 
where, amusing thousands upon 
thousands ; but it did not by any 
means fulfill the requirements of 
the inventor. It was scarcely more 
than a scientific curiosity or an 
amusing toy. Edison, however, re- 
cognized the fact that it contained 
the e:ements of a successful talking 
machine, and thoroughly believed it was destined to be- 
come far more useful than curiousor amusing. He con- 
tended that it would be a faithful stenographer, repro- 
ducing not only the words of the speaker, but the quality 
and inflections of his voice ; and that letters, instead of 
being written, would be talked. He believed that the 
words of great statesmen and divines would be handed 
down to future generations; that the voices of the 





oe a 
r calcium carbide and 


piece, by which the speech recverded on the eylin- 
der is reproduced. In this instrument the shaft of the 
cylinder is provided with a thread of the same pitch as 
the spiral on the surface of the cylinder, so that the 
needle of the receiving mouthpiece is enabled to tray- 
erse the surface of the tinfoil opposite the groove of 
the cylinder. By careful adjustment this instrument 
was made to reproduce familiar words and sentences, 
so that they would be recognized and understood by 
the listener ; but, in general, in the early phonographs, 
it was necessary that the listener should hear the 
sounds uttered into the receiving mouthpiece of the 
phonograph to positively understand the words uttered 
by the instrument. 

In later instruments exhibited throughout the coun- 
try and the world, the same diffienlty obtained, and 








IMPROVED RECORDING AND REPRODUCING PHONOGRAPH OF 1896. 


perfection of articulation was sacrificed to volume of 
sound. This was necessary,as the instruments were 
exhibited before large audiences, where, it goes without 
saying, the instrument,to be entertaining, had to be 
heard. These instruments had each one mouthpiece 
and one diaphragm, which answered the double pur- 
| pose of receiving the sound and of giving it out again. 
Finally it was made known to the public that 





world’s prima donnas would be stored and preserved, so; the ideal phonograph had been constructed ; that it 
that, long after they had passed away, their songs could | was unmistakably a good talker ; and that the machine, 
be heard. These and many other things were expected | which most people believed to have reached its growth, 


is not. The discovery of metallic carbonyls is an illus- | of the phonograph. It was, however, doomed toa period | had after all been refined and improved until it was 


tration of how great recent discovery may be. It was|of silence. It remained a toy and nothing more for 
und! Mond that earbon monoxide gas had the won- | years. 


‘ 


derful power of combining with nickel, and also less 
freely with iron at ordinary temperatures, and could 


| 


The original instrument consists of three principal | 
parts—the mouthpiece, into which speech is uttered ; | 


carry them off in the state of gas. This dates back only | the spirally grooved cylinder, carrying a sheet of tin- | 
afew years. Had the discovery yielded the fruits ex-| foil which receives the record of the movements of the | 





capable of faithfully reproducing every word, syllable, 
vowel, consonant, aspirate and sounds of every kind. 
During the dormancy of the phonograph, its in 
ventor secured both world-wide fame and a colossal 
fortune by means of his electric light and other well 
known inventions. He devoted much time to the 


pected, it would have fairly revolutionized some indus- | diaphragm in the mouthpiece ; and a second mouth-| phonograph, and not only perfected the instrument 
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itself, but established a large factory provided with 
apecial tools for its manufacture, in which phono- 
graphs are turned out in great numbers. 

The improvements reduced the instrument to about 
the size of an ordinary sewing machine. In its con- 
very small 

bet ween 


a engine 


threaded 


struction it is something like 
lathe the 
bearings and is prolonged at one end and provided 
with a dram for receiving the cylinder, upon 
which the is made. Behind the spin 


dle and the drum is a rod upon which is arranged a 


main spindle is its 
wax 


sound reeord 
at 


slide, having 


one end an arm 
adapted to engage 
the of the 


spindle, and at the 


screw 


opposite end an 


arm carrying a 


head provided 
with two giass dia 
phragms which 
nay be inter- 
changed when de 
Une of 


these diaphragins 


siratl 
is used when it is 
desired to talk to 
the phonograph, 
when the 
wo 


and 
speech is be 
reproduced the 
other diaphragm 
takes its place 
The cutter by 
which the inipres 
sions are made in 
the wax is atiach 
ed to the center of 
the diaphragm 
and pivotally con 
nected to a gravi 
attached 


ty arm 


to the side of the 
diaphragm cell. The reproducing cell contains a deli- 
cate glass diaphragm, to the center of which is secured 
a stud connected with a smal! curved steel wire, one end 
of which is attached to. the diaphragm cell. The record- 
ing and reproducing points are formed of chalcedony. 
The the is rotated regu- 
larly by an electric motor in the base of the machine, | 
which is driven by a current from one or two cells | 
The is provided with a sensitive | 
governor which causes it to maintain a very uniform | 


spindle of phonograph 


of battery motor 
speed 
a tool for smoothing the wax 
eylinder preparatory to receiving the sound record. 
The first 
bring the turning 


vided with turning 


Operation in the 


tool nto action 
and cause it to 
traverse the cy! 
inder. The turn 
ing tool is then 
thrown out, the 
carriage bearing 
the recorcing dia 


phragm is return 
ed to the position 
of use, and as the 


wax cylinder re 
the 
phragm is vibrat 
ed by the 


thus mov 


volves dia 
sound 
waves 
ing the cutter so 
it to 
eut into the wax 


as t) cCalise 





eylinder and pro- 
duce indentations 
which correspond 
to the movements 
of the diaphragm 
After the reeord is 
made, the carriage 
is again returned 





use of the machine is to| the instrument. 





| 
‘speaking diaphragm. No attempt is made in this instru- 
| ment to secure loud speaking—distinct articulation and 


perfect intonation having been the principal ends sought. 

The phonograph may be now used for taking dicta- 
tion of any kind, for the reproduction of vocal music, 
for teaching languages, for correspondence, and for va- 
rious other purposes too numerous to mention. 

The wax cylinder upon-which the record is made is 
provided with a rigid backing. It is very light and a 
mailing case is provided for safely mailing it. The re- 
cipient of the cylinder places it on his own phonograph 





CAMEL-BACK LOCOMOTIVE BUILT FOR THE B. & 0. RAILROAD IN 1853. 


Cylinders, 19 by 22 inches; drivers, 50 inches; weight, 71,000 pounds; steam pressure, 120 pounds: 


and listens to the phonogram—in which he not only 
gets the sense of the words of the sender, but recog- 
nizes his expression, which will, of course, have much 
to do with the interpretation of the true meaning of 
the sender of the phonogram. 

A very interesting and popular use of the phono- 
graph is the distribution of the songs of great singers, 
sermons and speeches, recitations, the words of great 


men and women, music of many parts, the voices of | 


animals ete., so that the owner of a phonograph may 


The arm which carries the diaphragms is pro-| enjoy these things with little expense. 


Passing over the application of the phonograph to 
dolls, we will refer briefly to the latest developments of 
It has recently been determined to 








within a few years—the graphophone, which is similar 
to the phonograph, operating on practically the same 
prineiple, and the gramophone, which has a flat disk 
instead of a cylinder and makes a record which is a 
sinuous groove, by means of a laterally vibrating 
needle, It reproduces sound by the lateral vibrations 
caused by the following of the reproducing needle in 
the groove of the record. 


THE AMERICAN LOCOMOTIVE. 

The first practical locomotive to turn its wheels upon 
a track in Ameri- 
ea was the Stour- 
bridge Lion, an 
imported English 
engine. This not- 
able event took 
place August 9, 
1829. The first en 
gineer to run a lo- 
comotive in Ame- 
rica was Horatio 
Allen, who han 
dled the throttle 
on this occasion. 
It is claimed that 
the first Ameri- 
ean-built locomo- 
tive to be put into 
active service was 
the Best Friend, 
which was con- 
structed by Mr. 
E. L. Miller, for 
the South Caroli- 
na Railroad Com- 
pany. This occur- 
red in November, 
1830. 

In the earliest 
days of American 
locomotive build- 
ing the influence 
of the original English models is traceable in the 
designs; but it was not long before the American 
mechanic began to strike out for himself, and build a 
machine specially adapted to local conditions. Vari- 
ous original and radical features were introduced, 
and with such rapidity, that in the brief interval of 
sixteen years between the trial trip of the Best 
Friend and the year 1846, which marks the opening of 
the half century with which we are dealing, the most 
important elements of the typical American eight- 
| wheel erigine, as we know it to-day, may be said to 
have been substantially established. 

A comparative study of the euts of early engines of 
| this period will enable the reader to identify, in one 
design or another, 
those characteris- 
tic features which 
are distinctively 
American. He will 
find the leading 
truck, the four- 
coupled drivers, 
with the fire box 
bet ween the axles, 
the bar frame, the 
outside cylinders, 
the equalizing le- 
vers, the “cow 
eatcher,” and the 
bell, and last, and 
perhaps as char- 
acteristic as any, 
the cab. In say- 
ing that the main 
features of the 
eight-wheel Ame- 
rican engine were 
to be found re- 
presented in the 
locomotives of 
1846, it is not to 
be understood 











to the point of that this was by 
starting, the re any means, at that 
heacn tf renige INSEDE-CONNECTED EIGHT-WHEELED LOCOMOTIVE BUILT FOR THE B & 0. RAILROAD IN 1854. ns 
ed by the repro Cylinders, 15 by 22 inehes ; drivers, 60 inches ; boiler, 44 inches diameter ; weight, 56,000 pounds. —- remap 
ducing dia shortly to become 


phragm, and the carriage is again moved forward by 
the screw as the eylinder revolves, causing the point 
carried by the reproducing diaphragm to traverse the 
path made by the recording cutter. As the point fol- 
lows the indentations of the wax cylinder the repro- 
ducing diaphragm ie made to vibrate in a manner simi- 
lar to that of the receiving diaphragm, thereby faith- 
fully reproducing the sounds uttered into the receiving 
mouthpiece, 

The perfect performance of the phonograph depends 
upon its mechanical perfection—upon the regularity of 
its speed, the susceptibility of the wax cylinder to the 





impressions of the neecle, and to the delicacy of the 


furnish a perfect phonograph for a moderate price 
which will reproduce any record with great fidelity. 
Purchasers wil! be able to provide themselves with 
records of any desired character, so that the most in- 
teresting of entertainments may be had at a moment's 
notice. This phonograph is driven by a spring motor 
in a manner similar to a musie box. It is light, com- 
pact, and readily operated. Although it is designed 
for reproducing only, it may for a small additional cost 
be made to record or to both record and reproduce. The 
records are made on the recording phonograph, which 
is now so perfect as to leave nothing to be desired. 


so. That was an age of investigation, and the student of 
American locomotive history is impressed with the num- 
ber and variety of experimental engines which figured in 
the twenty years from 1841 to 1860, In the first place, 
the inside cylinders and the single driving wheel, which 
have been so very largely retained in English prac- 
tice, were tried and found wanting for the require- 
ments of those days, The celebrated Globe eight- 
wheeled inside connected engines were for many years 
a familiar feature on many New England roads, it 
is but a few years since the last of them was 01 

to the scrap heap. An engine of this type, with 





Other instruments of this class have been devised 


15 by 22 inch cylinders, built for the Baltimore and 
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, Railroad in 1854, is shown in the accompanying |—a size which has never since been reached, although | consisted in the perfecting of details, and the variations 
tration. These, however, were notable exceptions | 7 foot drivers are becoming common in up-to-dats| from the type have been such as were called for by the 
ne general practice, which, early in the period | practice. The ten-wheel engine, with six-coupled | particular class of service which had to be performed. 


> consideration, forsook the easy running of the | drivers, was patented by Septimus Norris in 1846, and 
ie eonnected for the greater 
iness of the outside connected 


we would seek for the cause of the 
-od difference in the American and 
‘ish locomotive, starting as they 
rom a common origin (there were 
veen 25 and 80 engines in all im- 
ed from England), it will be found 
.e different conditions under which 
wo types had to do their work. 
r reasons which are given else- 
. in this issue, the early English 
s were built more solidly, and with 
or grades and easier curves than 
th varly Ameriean roads. The rela- 


lip 


tiv smooth and straight English 
tra. « permitted the use of the more 
rig 1 plate frame engine with rigid 
whoel base, and it has continued to 


be (he prevailing type. The cheaper 


was necessitated by the long stretches 
of ‘hinly peopled country which had 
ti covered, called for a special make 
of locomotive, with lateral and vertical 





No. 999 OF THE WN. Y.C. & H R. RB, 1893. 


64°22 miles an hour, excluding stops. 


In addition to the points of divergence in practice be- 
tween American and English builders 
already noticed, it may be said in gen- 
eral that the American locomotive h; 

always been harder worked than t! 

English, and that while it has ne, 

shown such economy in fuel consum) 

tion, it has always been able to get 
away with a bigger load. Where the 
English superintendent would run a 
train in two sections, each of which 
would constitute a ioad weil within the 
hauling capacity of the engine, in 
America one locomotive would take 
the whole train, and would be pushed 
to its utmost capacity in the effort to 
keep within the schedule time. Where 
fuel was cheap and labor dear, it was 
found to be economical in the long run 
to dispense with one train crew, and 
push the locomotive te the full limit of 
its power, evenif it did vomit black 
lighter American track, which Cylinders, 19 by 24 inches ; drivers, 864g inches; weight, 62 tons; steam pressure, gmoke and unburnt coal from the 
190 pounds. A modern example of an American eight-wheeled express engine. gmoke stack. The difference in the 
Hauling the Empire State Express, the fastest train in the world; speed, ost of labor has had a potent influ- 
ence in the development of the two 
types, especially in the past twenty or 


flexibility. The lateral adjustment was obtained by | the Rogers Locomotive Company turned out their first | thirty years. Whereas the Englishman, with his copper 


means of the leading truek, and the vertical adjustment | celebrated ten-wheelers in 1848. 
»y the equalizing levers. By these devices, the weight is 


fire box, brass tubes, deflector plate and mild exhaust, 
The Stephenson link motion was first employed by | his inside cylinders,!large single drivers, low piston speed, 


carried upon three points of support, one forward | Mr. William T. James, of New York, in 1832. It was | and light loads, was aiming at a high theoretical effi- 
beneath the ¢cylinders, and one on each side of the fire | first adopted as standard practice in American shops by | ciency, the American, with his four, six, and eight- 
box. The principle of leverage is so ingeniously ap-| Mr. Thomas Rogers, of the above works, in 1849, and | coupled drivers of small diameter, his big cylinder ca- 
plied, that] the shock of any one wheel passing an ob-| with its reintroduction the evolution of the American | pacity, large steam ports, his huge boiler with its big 
struction is distributed and reduced before it reaches | locomotive, as to its essential features, may be said to| heating surface,|his roomy fire box and sharp exhaust, 


the main body of the engine. The combination of | have been complete. The subsequent development has | was aiming at large hauling capacify. 


these two de 
vices enabled 
high speeds to 
be maintained 
over track 
which would 
have ditched 
an English en- 


gine before it 
had run a mile. 

The average 
dimensions of 
were as Vs 
(_viinders, 15 
or 16 by 20 and 
oe inches; 
weight, 18 to 
20 tons; dri- 


vers, 44¢ to 5 
feet diameter ; 
and the steam 
pressure varied 
from 90 pounds 
to 120 pounds 
per square 
inch. In 1848 
we find the 
Baldwin Loeo- 
motive Works 
undertaking to 
build an ex- 
press engine to 
run sixty miles 
an hour, for 
which feat they 
provided her 
with 17% by 20 
inch inside eyl- 
inders and a 
pair of 64 feet 
drivers; and a 
little later they 
built a some- 
What similar 
engine with 15 
by 20 inch eyl 
inders and a 


pair of 6 foot 
Grivers, The 
Single driver 
Was fully test 


ed, with the al- 
host invaria- 
ble complaint, 
alter trial, that 
‘e Was “in- 
ficient ad- 
sion.” At 
is time 
eels ag large 
‘ feet diame- 


Tin serviee 
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FOURCYLINDER COMPOUND DECAPOD FREIGHT LOCOMOTIVE, 1893. 


or” 


Weight of engine alone, 9% tons; hauling capacity, 4,600 tons; cylinders, 16 inches and 27 inches by 28 inches ; heating 
surface, 2,443 square feet ; steam pressure, 180 pounds. 











FOUR-CYLINDER COMPOUND EXPRESS ENGINE, 1895. 
Were to be Weight of engine alone, 71% tons; cylinders, 183 by 26 inches and 22 by 26 inches; diameter of drivers, 84 inches; diameter of 


boiler, 58% inches; heating surface, 1,885 square feet; steam pressure, 190 pounds, 





It is sufficient to 


say that both 
have reached 
the goal; and 
that while the 
American loco- 
motive will 
haul three tons 
to the English 
two, it will 
burn more fuel 
per ton in the 
effort. 

Between 1850 
and 1860 the 
coal burning 
locomotive be 
cainpe common, 
and with the 
advent of coal 
the brass and 
copper tubes 
were discarded 
for iron tubing 
which in turn 
was to give 
place to steel. 
This decade 
also saw the 
general intro- 
duction of the 
wagon-top 
boiler, and the 
influence of an- 
thrarite coal 
was seen in the 
long, sloping 
fire box, as 
shown in the 
celebrated 
“camel backs ” 
of Ross Wi- 
nans. The next 
decade saw the 
building, at 
the Baldwin 
works, of the 
*“Consolida- 
tion,” and the 
introduction of 
the Bissel 
truck, the 
awing boister 
track, and etcel 
tubing. The 
two decades 
1870 to 1890 
were marked 
by a steady in- 
erease in the 
weight and 
power of loco- 
motives, and 
by their classi- 
fication into 
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distinet types, according to the work for which they 
were designed 

The year 1888-89 was memorable for the introduction 
of the compound engine into America. Compounding 
had already reached a high state of development in 
Europe, when the Pennsylvania Railroad determined 
to give it a trial in American service, and to this end 
purchased an English compound engine, designed and 
built by Mr. F. W. Webb, of the London and North- 
western Railway. The Pennsylvania, as she was 
called, was put to work on the company’s regular trains 
and made an excellent record for economy. 

Speaking of its performance, a prominent Pennsyl- 
vania official said at the time: “Iam not at 
liberty to give exact figures as to the saving of 
coal shown by the Webb engine over our regu- 
iar passenger locomotives, but I will say that it 
has been considerably over twenty-five per 
cent.” The era of compounding, thus intro- 
duced, has resulted in its trial on most of the 
leading roads of the country, and invariably 
with a showing of large economy. The outside 
two-cylinder compound has been the favorite 
type. Two fine examples of the four-cylinder 
compound are shown in the accompanying cuts 
of an express passenger, and a heavy Decapod 
freight, engine, built Baldwin works 
under the Vauclain patents. By reference to 
the ents it will be seen that the cylinders are 
arranged in pairs, the high pressure above the 
low pressure, the piston rods engaging a common 
crosshead. Piston valves are used, being placed 
on the inner side of the high pressure cylinders. 
The engines shown have the Wootton firebox, 
designed for burning low-grade coal, the total 
heating surface of the firebox of the passenger 
ngine being 18644 feet, and of the freight en- 
gine 2344; feet. 

As illustrating the highest development of 
the simple eight-wheel express passenger en- 
gine, we have selected the New York Central 
engine No. 999, of Empire State Express fame, which is 
at present hauling the fastest train in the world, and 
holds a record speed for the mile of something over 
one hundred miles an hour. 

The dimensions of these three engines, together with 
those of the Lake Shore and Michigan Southern engine 
No. 564 (Brooks Locomotive Works), to whose phe- 
nomena! run we refer later, are given in the accompa- 
nying table 
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tives in service in America, representing a money valne| was credited to a Scotchman, Gavin Dalzell. The motion 


of not less than three hundred millions of dollars. 
THE BICYCLE. 

Lord Charles Beresford has said, ‘‘ Whoever invented 
the bicycle deserves the thanks of humanity.” At the 
present day the bicycle stands unrivaled as a means of 
healthy exercise and pleasure. The practical uses to 
which it may be put seem limitless, and now the bicycle 
is assisting the electric railroad and the automobile car- 
riage to relegate the horse-drawn vehicle to the past. 
The evolution of the bicycle from the primitive forms 





of the pedals was downward, the feet describing a small 
segment of a circle. The motion was transmitted to a 
crank attached to the axle of the rear wheel by levers. 
For a long time it was supposed that this invention 
dated from 1834, but in 1892 a close scrutiny of the 
matter resulted in the downfall of the legend, as a 
blacksmith’s bill for the iron work was found, which 
proved that it was made in 1847, and also that another 
Scotchman named MacMillan had anticipated Dalzell’s 
invention. 

It is to Ernest Michaux, a young French locksmith, 
fourteen years of age, that we are indebted for the next 





has been by a series of positive steps, each step mark- 


great step which made the modern bicycle pos- 
sible. In 1855, while repairing a draisienne, he 
conceived the idea of applying cranks directly 
to the front wheel. He tried the device fora 
couple of days and then showed the machine 
to his friends. The driving mechanism was 
improved by Pierre Lallement, to whom the 
credit of the invention is sometimes given, but 





the French seemed to have settled the matter 














ing a distinct advance in the march of improvement. 
If for no other reason, the last half century is notable 
on account of the introduction and development of 
the bieyele, and nearly the whole history of this evolu- 
tion falls well within the period we are considering. 

It is necessary to go back to the last century for the 
germ of this great invention, when a strange device 
called a ‘“‘hobby-horse” was introduced. It consisted 
of two wheels connected tandem by a rigid frame of 





No. of Engine and Name of 
Company Engine and Builder. System. 
Lad No eld) Four-coupled express. t 
N. ¥.C. and H. R. RR. NY CamnRRR |¢ Simple. 
No. 1027 Four-coa express. u 
Atlantic City B.R Balénte. y Compound. 
No. 564 Six-con express, t 
L. 8. and M. 8. LR . ‘ Simple. 
No, 806. Deca ight. t 
L. B. and W.RR Baldwin. { Compound. 





























Weight on| Total | Heating | Steam 
Cylinders. | Drivers. ere. | Weight. bustese 
19 in. X 24 in.|a6ig im.) $4,000 1b. [194,000 Ib.) 1.9808q. ft.| 190 Ibs. 
| 
| 1B | x 96 im.le4s4 in.) 78,600 1b, 148,000 1b.) 2,8850q.ft.| 190 Ibs, 
17 in, < 24 im./66 im.) 88,5001. [118,500 .......... 180 Ibe. 
} 361° | x 98 4m.50 in.) 170,000 Tb. |192,000 Ib} .443.0q. ft.) 180° tbe, 











The Lake Erie freight engine is rated to pull 4,600 
tons on the level, and on a run between West Carbon- 
dale and Ararat Summit, with a load of 1,107 tons, it 
consumed 8°28 pounds of fuel per car mile, with a water 
evaporation of 7°57 pounds per pound of coal. This is 
a really astonishing performance, when we bear in mind 
the grades and the ioads. From Carbondale to Forest 
City, 25 cars, weighing in ail 818 tons, were hauled for 
5 miles over a 1°33 per cent grade; and from Forest 
City to Ararat Summit, 23 cars, weighing 1,107 tons, were 
hauled for 13°77 miles over a 095 of one per cent 
arace. 

No, 999 is one of the class of New York Central en- 
gines which hauled a 361,900 pound train from New 
York to Buffalo, 456°32 miles, at the rate of 64°22 miles 
an hour, exclusive of stops. This superb locomotive, 
which was built at the shops of the New York Central 


and Hudson River Railroad, was on exhibition at the | 


Columbian Exhibition at Chicago, and is the most popu- 
lar and widely known engine in America to-day. 

No. 564 to-day holds the record for long distance fast 
runs, having covered 86 miles at the rate of 72°92 miles 
an hour. ‘This performance formed part of a 510 mile 
run with various engines from Chicago to Buffalo, at 
the rate of 65°07 miles an hour, exclusive of stops. The 
train load was 304,500 pounds, and the 86 mile run of 
No. 564 included 8 miles at 85°44 miles an hour, and 33 
miles at $0°6 miles an hour, with one mile at.92°3 miles 
an hour. At this last speed the revolution of the 
drivers was 469 per minute, and the piston speed 1,878 
feet per minute! ‘This performance of No. 564 in hauling 
152'4 tons for 38 continuous miles at 80°6 miles an hour 
is unquestionably the greatest locomotive feat that was 
ever officially recorded. That it should have been done 
by a six connected 544 foot driver engine simply proves 
the value of great boiler capacity and large steam ports. 

The growth of the locomotive. industry can be best 
told in figures. In 1846 the Rogers Locomotive Com- 
pany turned out 17 locomotives ; in 1896 their yearly 
capacity is 400, and they have built 5,150 locomotives in 
ali. In 1346 the Baldwin Locomotive Works turned out 
42 locomotives ; in 1896 their yearly capacity is 1,000, and 
they have built nearly 15,000 locomotives to date! It is 
estimated that to-day there are over 36,000 locomo- 





wood. The rider sat on a saddle midway between the 
wheels and propelled it by means of strides on the 
ground. Naturally its motion was limited to a straight 
line. This rigid, non-steering bicycle, propelled by the 
feet on the ground, was the first step toward the modern 
machine. The second step was taken in 1818, when 
Baron Von Drais introduced a vehicle called a 
‘ draisienne,” which resembled the foregoing machine, 


rN 

Z : 
- ee te 
FUSS 
GLITTONON~- 


C7777 ana 


—— “safer 


~ 





TANDEM VELOCIPEDE OF 1869. 


but the front wheel was so arranged that steering was 
possible. That such cumbersome means of locomotion 
soon fell into disuse is not to be wondered at. For a 
long time no real progress was made, though various 
systems and devices were introduced to enable the rider 
to propel himself, but they were mostly tricycles and 
were cumbersome and unmechanical. The third step 
consisted in the invention of a bicycle which was 
eapable of being steered and which was propelled with- 
out touching the feet to the ground. This machine 





by erecting a monument to the memory of 
Ernest and Pierre Michaux at Bar-le-Due in 
1894. The Michaux bicycle or * velocipede,” as 
it was called, attained great popularity. We 
illustrate a typical example of the machine as 
improved and ridden by the Hanlon Brothers, 
taken from an engraving published in the 
ScIENTIFIC AMERICAN for August 19, 1868. 
The popularity of the velocipede or “bone 
shaker” at that time knew no bounds; riding 
academies were established, races run and the 
machine even penetrated to the far East. The 
columns of the SCIENTIFIC AMERICAN of this 
period faithfully mirror the enthusiasm of the 
time. In the issue for March 20, 1869, among 
the “ Velocipede Notes,” appears an interest- 
ing item to the effect that thirty years pre- 
viously Michael Faraday could be frequently 
seen driving his machine through the suburbs 
of London. 

In 1869 M. Magee, a Parisian, still further improved 
the velocipede by making it entirely of iron and steel. 
In the same year rubber tires were used ; these were 
both important steps in the development of the biey- 
cle. In 1869 M. Michaux conceived the idea of making 
the front or drive wheel larger than the rear wheel, and 
various other improvements, such as a brake, were in- 
troduced. In 1874 M. Merchegay showed that weight 
would be reduced by using a large front wheel and a 
small rear wheel, and that the rider should be mounted 
directly over the axle of the front wheel. These ideas 
were carried out, and the popular “spider” or “ ordi- 
nary” was the result. This machine remained in the 
ascendency for nearly fifteen years. In 1875 touring 
became popular, and the bicycle soon showed that it 
had come to stay. The new wheel weighed from 35 to 
50 pounds, against 80 to 100 for the old velocipede. We 
present an engraving of a wheel of the best type of 
“ordinary.” 

There were certain undeniable dangers connected 
with the use of the high wheel, and accidents were 
many and serious. At length came signs that the de- 
sign and construction of the wheel was in a state of 
transition. Various expedients were adopted to avoid 
the dangerous “header.” The “Star” bicycle became 
a prime favorite. In this bicycle the small wheel was 
placed in front and the rider was mounted over the 
axle of the high rear wheel. They were propelled by 
levers, straps and ratchets, which enabled the wheel to 
be geared up, thus introducing one of the most impor- 
tant principles used in the modern machine. 

In 1877 Rousseau, of Marseilles, introduced the “‘ Kan- 
garoo,” in which a smaller front wheel was used. 
Power was communicated to the axle by means of in- 
dependent chains and sprockets, to the latter of which 
power was applied by pedals; this arrangement al- 
lowed the wheel to be slightly geared up. About the 
year 1880, Starley introduced his famous *‘ Rover.” At 
the first blush the “safety” of to-day is unrecognizable: 
in this machine, but it really embodied the vital points 
of the modern bicycle in its form. The wheels were 
both low, though not of the same size, and the rear 
wheel was driyen by chains and sprockets, as in our 
latest wheels. The great superiority of this machine 
over the ordinary was soon recognized. Cycling be- 
eame more popular, and by degrees the high wheel was 
abandoned by all the makers. The pneumatic tire was 
the greatest of all the advances since Michaux, and 


‘marks the last step in the improvement of the wheel of 


to-day. 

The modern bicycle is distinguished from the older 
types of wheels on account of the difference in mate 
rials, frames and tires. Complex shapes, once thought 
impossible to produce except by casting, are now 
forged. Great improvements have been made in braz- 
ing together the parts and in cold swaging also, so that 
the joints are no longer considered the points of weak- 
ness. 

Great improvements made in the manufacture of 
tubing during the last few years have rendered it posst- 
ble to construct a good road wheel which weighs, when 
complete, only 19 to 22 pounds. By a series of careful 








ULY 25, 1896. ] 


. on the strength of the material used, the liability 

vreakage has been greatly reduced. The use of 

rchangeable parts and automatic machinery has 

tended to standardize the product. Great ad- 

es have also been made in the rims, and at the 

ent day in this country the heavy steel rim has 

1 place to the wooden rim, which, as now con- 
ted, has considerable strength. 

.anges in the frame have been notable. The origi- 

» Rover frame, which was not strong enough, was 

practically abandoned, and, after a time, the dia- 

d frame took its place. At first, however, the 
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es were built on dissimilar lines, every manufac- 
r having a model of hisown. Soon 
th. frames of the wheels began to have a 
general resemblance, and at last the almost 
ui versal straight line pentagonal dia- 
d was adopted. Gradually the top 
of this frame was raised until to-day, 
‘he latest machines, it is parallel with 
cround. In its frame the bicycle is 
no a veritable mechanical and engineer- 
ine achievement. The bearings received 
more and more attention, until now a 
wheel with ball bearings will travel thou- 
sands of miles without showing any ap- 
preciable wear either to the balls or to 
the bearing cones. There has been a 
gradual improvement also in the sizes of 
the wheels; at first even in the modern 
safety the wheels were of different sizes, 
out now they are almost universally of 
the same size. In the old velocipedes, 
the frame was rigid, then springs were‘in- 
troduced into the saddle and the different 
parts of the frame, and rubber was intro- 
duced into the tires. Then the cushion 
tire was introduced, which made riding 
more enjoyable. Finally the pneumatic 
tire was resurrected from the old patent re- 
cords, thus furnishing the ideal spring be- 
tween the rider and the ground, mini- 
mizing the jar due to inequalities of the 
road and giving the maximum of ease and comfort 
to the rider. In 1845 R. W. Thompson patented in 
England the first pneumatic tire, but it was only in 
1889 that it was adapted to the bicycle by an Irish 
veterinary surgeon named Dunlop. The cushion tire, 
in which there was a hollow space in the rubber, was 
known as far back as 1870, but it became very popu- 
lar only when the pneumatic tire began to be intro- 
it soon sueceumbed, however, to the pneu- 
matic. Ji is to the pneumatic tire that we are indebted 
for a large part of the popularity which cycling now 
enjoys, and it may be regarded as one of the most im- 
portant improvements. By these gradual steps the 
bicycle has been brought to its present state of perfec- 
tion. An impressionable Italian has well defined the 
bicycle as ‘a poem in metal.” 
In connection with the bicycle, it is necessary to take 
notice of the trieyele, which was at one time very 
popular. 


The mechanical difficulties connected with the tricy- 
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cle were less than those connected with the bicycle. 
The large, cumbersome vehicles which traveled over 
our streets some years ago are now rarely seen. There 
“Ppears, however, to be a considerable demand for tri- 
cycles built upon the lines of the modern bicycle, and 
the machines which have been produced within the 
teat few years are comparable in design and workman- 
“hip with the bicyele itself. There have been a num- 
ber of special forms of bicycle, which, from time to 
‘une, have been put on the market, and many of which 
been very successful. The tandem is the best ex- 
“luple of these special forms of bicyele. As far back as 


have 





April 10, 1869, the ScLENTIFIC AMERICAN published an 


Scientific American, 


illustration of a tandem velocipede, which was proba- 
bly the earliest known example of the tandem. The 
back seat was intended to be used either as a side 
saddle for women or a man’s saddle. The inventor also 
had in view the placing of two side saddles over the 
rear wheel, thus foreshadowing a modern type of spe- 
cial machine. The advantages connected with a tandem 
are so great that it is littke wonder they have achieved 
a wonderful popularity. Geared up to high speeds, 


they are able to cover the ground with great ease. Not 
only are the two riders able to carry on conversation, 
but the absence of vibration, and the power which it 
has against a head wind, have all conduced to make 





few years have rendered it a valuabie aid for business 
purposes. It makes the slow fast, and now telegraph 
messengers, postmen, lamplighters, building and street 
inspectors, ‘walking delegates,” policemen. firemen, 
coast patrollers, express messengers, doctors, and others 
are all using the bicycle in their respective avocations. 
The experiments used to demonstrate the applicability 
of the bicycle for war purposes have been entirely suc- 
cessful, so that this opens up a new fieid of usefulness. 
Bicycles propelled by electricity or one of the petro- 
leum products have been made, but are not in use to 
any extent. 





Ap eminent physician has said that not within two 
hundred years has there been any one 
thing which has so benefited mankind as 
the invention of the bicycle. Thousands 
of men and women are now devoting half 
their time to this healthy recreation and 
are strengthening and developing their 
bodies and minds, and are not only reap- 
ing benefit themselves but are preparing 
the way for future generations which wil! 
be born of healthy parents; and in brief 
this epitomizes the hygienic side of the 
bicycle. 
————e——_ 

THE PROGRESS MADE IN THE GENERA- 

TION OF ELECTRIC ENERGY AND ITS 

APPLICATION TO THE OPERATION OF 
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the tandem popular. Gradually came the demand for 
higher and higher speeds ; so the number of riders was 
increased until now, for pacing and racing purposes, 
we have six‘or even seven riders mounted on a single 
pair of wheels. A sextuplette wheel truly represents 
an engineering achievement, as the truss may have to 
support a thousand pounds. Such a wheel is geared 
to 153, so that every revolution of the pedals carries the 
wheel 3814 feet. 

Ladies’ wheels early attracted attention after the 
safety was in use, and to-day the lady riders are num- 
bered by hundreds of thousands. The lady’s wheel 
presented a more difficult problem than the ordinary 
bicycle, as the diamond frame was necessarily aban- 
doned. A lady's wheel is now produced of strength 
equal to that of a man’s wheel, with a slight increase 
of weight. As far back as 1875 we find the Starleys 
bringing out a high wheel for women. The rear wheel 
no longer tracked with the driver ; it ran upon the end 
of an axletree which protruded twelve or fifteen inches 
to one side of the machine, so that a two-track bicycle 
was the result. This permitted the fair driver to ride 
side-saddle position. It seems almost impossible that 
the lady’s wheel could be the outcome of this mechan- 
ical atrocity, and we may rather look for its origin in 
the “Rover.” The first drop-frame or lady’s machine 
was patented in the United States in 1887. 

When it is considered in its economic aspect, it will 
be seen the bicycle has wrought a veritable revolution, 
rehabilitating many industries and 
causing the downfall of others, while 
travel is diverted into new chan- 
nels. It is estimated that at present 
there are 4,000,000 bicycle riders in 
the United States, while New York 
City aloné possesses 200,000 riders. 
There are at least 250 reputable 
wheel manufacturers in the United 
States, besides a host of smaller 
concerns that cannot be strictly 
called manufacturers. Over $60,- 
000,000 are invested in the plants, 
which give employment to more 
than 70,000 persons. It is estimated 
that the wheels turned out this sea- 
son will exceed 1,000,000. A whole 
army of workmen are engaged in 
making bicycle sundries and in re- 
pairing. The wheel has brought prosperity to num- 
berless country hotels and road houses which had 
become almost extinct since the decline of coaching. 
One great benefit conferred by wheeling is the agita- 
tion in favor of good roads. This has been of untold 
value to the country at large. 

“The wheel took a holiday to join in the sport and 
recreation of men, but the yoke of business is upon it 
and it cannot escape the bondage. It took the race 
untold ages to capture the magic circle and harness it 
to human need, and it is too precious for man to give it 
a long tether.” For many years the cycle kas been a 


MOTORS DURING THE PAST FIFTY 
YEARS. 

The advancement of science during the 
past fifty years has been so great that 
many are inclined to believe that we have 
found out more within this period ,than 
all that was known before. While this 
conclusion may not be strictly correct, 
there can be no doubt that the value of 
the principles, the truth of which has been 
conclusively demonstrated during this 
period, is greater than that of all discov 
eries previously made. This is true even 
of the purely theoretical development of 
science, but when we come to consider the question of 
the practical application of the knowlege thus acquired 
we can, without hesitation, say that the last half of the 
nineteenth century has not only produced greater ad- 
vancement than any previous period of equal length, 
but more than all the centuries that have gone before :t, 

This may seem an extravagant statement, but any 
one who will consider the difference between the present 
state of advancement and the condition of the worid fifty 
years ago will come to the conclusion that it is substan- 
tiated by the facts. The steamship, the railroad, the 
telephone, the telegraph, the electric light, the electric 
motor, electric railways, and all the numerous collateral 
industries that have been brought into existenee there- 
by, have been developed within this period. It is true 
that the telegraph, the locomotive and the steamboat 
were invented previous to this time, but their reduction 
to a thoroughly successful form and their extensive 
practical application has taken place almost wholly 
since 1845. 

Although progress in every department of science has 
been very great, that which overshadows everything 
else is the wonderful development of electricity, specially 
within the last twenty years. 

Previous to 1850, this science was in a very crude 
state. Even the ‘most eminent physicist of those days 
knew little about the fundamental laws of the subject, 
and some of them held views that in the light of our 








plaything of man, but the developments of the last 


present knowledge were absurd in the highest degree. 
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During the succeeding twenty-five years (from 1850 to 
1875) great advancement was made in the way of de- 
velopment of electrical theories, and the demonstration 
of the laws that govern electro-magnetic actions. Since 
1875 the progress has been more in the direction of 
practical applications of electric energy than in the ex- 
pansion of theoretical knowledge, and this is just con- 
trary to the general impression in relation to the sub- 
ject. Any one who has doubts as to the correctness of 
this statement, however, can have them dispelled by a 
careful study of the masterly treatise on electricity and 
magnetism by Prof. James Clerk Maxwell, the first 
edition of which was published in the early seventies, 
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This work stands even to-day as one of the foremost pre of the mpanaibe’ era of pre development. 
There is not a known law or prin- | Wilde discovered the fact that the current generated 
ciple relating to electricity or magnetism that is not | by a small magneto machine, if used to energize a pow- 


upon the subject. 


fully demonstrated unless it may be some 
action of minor importance. Going back still further, 
we shall find that nearly all that we know of the theore- 


therein, 


tieal part of the subject at the present time may be | This discovery resulted in directing the attention of 
“* Para- | 


found deseribed and in most cases explained in 
day's Researches ” or the writings of our own immortal 


Joseph Henry. 


The numerous effects of electro-magnetic action were 


extensively investigated at an early date, but their 
true relation to each other and to the other forces 
of nature were not properly understood until the 
doctrine of the conservation of energy was estab- 
lished upon a firm foundation. Owing to this fact, 
of the most distinguished men of fifty years 
sxdvanced views that were decidedly at vari- 
ance with the facts and only served to assist hum- 
bugs in their efforts to defraud investors. The 
natural result of this was that development was to 
a certain extent retarded; but considering the 
great progress that has been made, notwithstand- 
ing such drawbacks, we cannot feel that we have 
for regretting the course that events 


some 
ago : 


much cause 
have taken 

Many of the leading physicists of early days be- 
lieved that the power of an electric motor could be 
increased almost without limit by simply reducing 
the distance between the rotating and stationary 
magnets. This belief was due to the fact that the 
weight that a magnet will hold with the armature 
in actual contact with the much 
greater than at a distance of but a small fraction 
On this account it was assumed 
construction and rigidity of 
tly increase the energy obtainable 
from a given amount of electric current. Charlatans at 
onee took up this theory, and when they were unable 
to demonstrate to their victims that they had produced 
wonderful results, they restored confidence by saying 
that the force of the magnets was so great that the 
whole machine would spring and allow the poles to 
actually come in contact and thus absorb the power in 
friction ; but that they thought that certain changes 
they had worked out would get around this difficulty. 
Such explanations with suitable modifications generally 
enabled them to obtain several additional subscriptions 
from the hopeful capitalists ; but in the end confidence 
and the plausible inventor would depart 
a new set of victims could be ob- 
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accuracy of 
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design would grea 


would be lost, 
to other fields, 
tained 

In the course of time scientific men, who were experi- 
menting in the electrical field, found out that the 
amount of energy that could be obtained from a battery 
was dependent upon the quantity of zinc decomposed, 
weount could be gained by re- 


where 


and that nothing of any 
ducing the clearance between the stationary and rotat- 
ing parts of the motor or, in fact, by any change in the 
design. Having ascertained 
this much, they began to ex 
periment with a view to dis 
covering new and more eco 
nomical means for generating 
the electric current. It was 
then known that a motor 
made with permanent steel 
magnets in the fleld would act 
as a generator of current, if 
driven at a sufficiently high 
velocity. Machines of this 
class were first made by Pixtl 
in 1832, the principles of their 
action having 
strated by Faraday about a 
year previous 

Although J. 8. Woolrich 
econstrneted a machine of this 
clase of considerable size for 
those days in 1841, it was not 
until about 1862 that anything 
worthy was accom- 
plished in this line. In that 
Holmes brought out a 
large machine of sufficient ca- 


been demon 


of note 


year 


pacity to be used for “are” 
lighting, or, more properly 
speaking, for furnishing ecur- 
rent for one “are” light. This 


machine generated eleetric 
at a much lower cost 
electric batteries, but 


energy 
than the 
its size was very great in com 
parison with the work it would do, and its construc- 
tion was of such a character as to be necessarily very 
expensive. Several other large machines of this type 
were designed and constructed during the next three or 
four years, but owing to their cost and bulkiness did 
not meet with much favor 

In 1866, Wilde developed a machine which was the 
stepping stone to the dynamo of the present day, and 
although the improvements it led to remained prae- 
tically unused during the following ten years, it can 
justly be regarded as the step that marks the begin- 











erful electro-magnet forming the field of a larger ma- 


chine, would enable the latter to develop a current 


many times greater than that of the small machine. 


scientific men to the subject with renewed vigor. 


a careful consideration of Wilde's work the conclusion 
| was arrived at, that if a comparatively small machine 
could energize the field of a much larger one, that would 
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generate a current many times greater, it ought to be 
possible to use a part of the current of the large ma- 
chine to energize its own field, and thus dispense with 
the smaller machine. But it was also thought that the 
assistance of the small machine would be required to 
start the action. By actual trial it was soon found that 
the larger machine would start a current without the 
assistance of the smallone. Then the conclusion was 
that all that was necessary was to pass a current through 
the machine from an external source, when started for 
the first time, and that the residual magnetism that 
would remain in the iron ever after would be sufficient 
to start the generation of current whenever the ma- 
chine might be set in motion at any future time. It 
was soon found that initial magne’ ':ing was unneces- 
sary, and then it was concluded that locating the field 
in a north and sonth position would enable the machine 
to start the action by the aid of the earth’s magnetism. 
Finally it was found that no such expedients were neces- 
sary ; that all iron is magnetic in a slight degree, and 
that any machine, if properly constructed, would build 
up a current as soon as set in motion. 

One of the most extraordinary facts in connection 
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with the dynamo is that it was in existence and was used 
by the greatest physicist of all countries for thirty years 
or more before its properties were discovered. As far 
back as 1834, Jacobi constructed an electric motor with 
electro-magnets in both the field and armature. This 
machine was a dynamo, and if driven in the opposite 
direction to that in which it ran as a motor, it would 
have generated a current. The action would have been 
very feeble, because the commutator was so arranged 
that it would not allow a continuous current to circu- 
late through the machine. Nevertheless, the action 
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would have been sufficient to have been detected. 
But all the motors with electro-magnetic fields made be- 
tween 1834 and 1866 were not of this class. In all pro- 
bability more than half of them reversed the current 
through the armature coils. Such was the arrange- 
ment used by Davenport, who constructed, in 1837, the 
first experimental electric railway. 

Any of the electro-magnet motors in which the cur- 
rent was reversed would have generated a current so 
strong, if they been rotated backward, that its pres- 
ence could not have escaped notice. Yet hundreds of 
theses nachines were experimented with for more 
than a quarter of a century, and the fact was 
never discovered. 

Facts like this orly serve to show how short- 
sighted the human intellect is, even that which is 
located in the brains of the most eminent men. 

Between 1866 and 1876 very little was done in the 
way of practical development, but quite consid- 
erable in the way of improving thedynamo. In 
the machine of Wilde and several others that imme- 
diately followed it an armature was used that gave 
a pulsatory current. Gramme made an improve- 
ment in this direction by adopting a ring-shaped 
armature, upon which the wire was wound in a 
great many sections, the ends of which were at- 
tached to a commutator of a corresponding num- 
ber of sections. As a result of this construction the 
current was rendered far more uniform, and the 
destructive sparking of the brushes was practically 
eliminated. Siemens, also, worked in this line, 
and accomplished the same results by the use of a 
drum-shaped armature. A few machines of both 
these types were introduced for the operation of 
“are” lights, but their introduction was at a very 
slow pace. 

In 1876 and the two or three following years, store- 
keepers in the large American cities began to realize 
that the electric ‘‘ are” light was very valuable for ad- 
vertising purposes. This at once increased the demand 
for lights, and resulted in the establishment of central 
lighting stations. In the early eighties [these stations 
had become very numerous, and the electric lighting 
industry had attained considerable inportance. In the 
mean time the incandescent light had been reduced to 
a commercial success, and was being rapidly intro- 
duced. 

Up to this time very little was done in the way of 
utilizing electricity for the transmission of power. This 
was due principally to the fast that it was not believed 
that electric motors could compete successfully with 
steam engines, inasmuch as they would have to be 
operated by currents generated by the energy of the lat- 
ter, and therefore would cost much more to run, not only 
on account of the loss in the conversion and recon version 
of mechanical into electrical energy, but also on account 
of the profit that the central stations would have to 
make to yield a fair return upon the capital invested in 
the generating and distributing plant. As at that time 
it was very generally believed 
that the dynamo could not bo 
made very efficient (some plac- 
ing the theoretical limit at 
fifty per cent), this belief was 
almost universal. But at 
about this time it was begin- 
ning to be cleariy demon- 
strated that the efficiency of 
the dynamo could be made 
very high. It was shown theo- 
retically that those who 
claimed fifty per cent as the 
limit of efficiency were misled 
by mixing the law of maxi 
mum work with that of maxi 
mum efficiency. The truth of 
these theoretical arguments 
was demonstrated by the ac- 
tual performance of the best 
machines that were then being 
made, in some of which an 
efficiency approximating nine- 
ty per cent was obtained. 

When it became fully de- 
monstrated that the efficiency 
of dynamos could be made 
very high, the future of the 
electric motor ceased to be so 
hopeless. It was then realized 
that the difference in coal con- 
sumption between large and 
small engines would go far 
toward offsetting the losses in 
the generation and transmission of the electric energy 
and in paying the profits of the central station, and that 
the small excess in cost of electric pewer would be largeiy 
if not wholly compensated for by the comvenience, com- 
pactness, and many other advantages of the electric 
motor. On this account the introduction of these ma- 
chines began to be pushed with greater vigor than 
previously. Unfortunately most of the first inventors 
who entered the motor field were not very well in- 
formed in electrical science, and as a result nearly all 
the early machines were defective electrically as we! 
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rude mechanically. This circumstance served only 
tard the development of the electric motor. 
1884 and 1885, more able men began to turn their 
ition to this field, and from that time up to the pres- 
lay, the growth of the electric motor has been very 
| 
first these machines were used for the operation of 
| printing offices and for driving coffee mills, venti- 
» fans, sewing ma- 
os. ete. Soon after they 
\ used to operate pumps 
also freight elevators 
i; ,arehouses. This led to 
t, development of regular 
ric elevator machines, 
h came about in 1888. 
\| ough an electric pump, 
i, he truest sense of the 
cannot be said to 
. been developed so far, 
» are many combina- 
. of motor and pump 

that are a great im- 
ement on those used 
ears ago. 

Que of the greatest tri- 
guphs of the electric mo- 
has been in the street 
railway field. As every One 
knows, a substitute for ani- 
mal power on these roads 
had looked for for 
many years. Steam, com- 
pressed air, gas, hot water, 
and other systems were 
tried. but without success. 
The cable proved satisfac- 
tory on large roads with 
heavy traffic, but was not 
regarded as a complete so- 
lution of the problem, be- 
cause it was too expensive 
for small roads. 

The possibilities of the 

lectrie motor in this field 
were realized even before its practicability in other di- 
rections became demonstrated. In 1879 Siemens con- 

tructed an experimental electric railway which actu- 
lly carried passengers. Several others worked in this 
field during the following years, but it was not until 
about 1888 that eomplete success on a commercial scale 
ned. The electrical equipment of all the street 
railways of Richmond in that year, and the complete 
success of the installation, was the real beginning of the 
introduction of electricity for the operation of railways. 
From that time up to the present day, horse roads, in 
towns and cities thronghout the United States, have 
been changing over to the trolley system as fast as the 
apparatus could be obtained from the manufacturers. 
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The electrie rail- 
has 
found its way into 


way motor 


almost 


every 
quarter of the 
civilized world, 
but nowhere to 


such an extent as 
in this country ; 
in fact, the devel- 
opment of elee- 
tricity in every 
has been ear- 
much further 
than in any 
other part of the 


world 


une 
| 


ried 


here 


When electriei- 
ty began to invade 
the railway field. 
it was believed by 
that the 
storage battery 
would beeome an 
important ad 
junct; but those 
had such 
hopes have been 
doomed to disap- 
pointinent so far, 
and it is probable 


Hany 


who 


that sueh will 
tinue to be 
their fate. The 
‘forage battery of 
'o day is not 
pted to rail- 

: work. Fu- 
improve- 

nts may, and 


obably will, en- 
‘le it to compete 
‘cessfully with 


* trolley in iso- 
‘‘ed cases, under 











| certain conditions, but it is safe to say that it is impos- 
sible for it to ever become a formidable rival. 

One direction in which electric motors have made 
great headway, and about which the general public 
| knows little or nothing, is in mining, especially coal 
mining. Coal-cutting machines operated by com- 


| pressed air have been used for any years; these are | 


now being equipped very generally with electric motors. 
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Mining pumps, hoisting machines, and ventilating 
plants are operated electrically. In addition to these 
may be mentioned mine locomotives, of which a large 
number are in use. 

The extent to which electricity is used in mining may 
be judged when it is said that it is estimated ‘that the 
capital invested in such apparatus aggregates over one 
hundred million dollars. 

In considering the development of the electrical 
industry, we are accustomed to say that it has been 
brought about within the last twenty years ; but as a 
matter of fact nearly nine-tenths of it is the outgrowth 
of the last fifteen years, and the development of the 
electric motor branch has occurred within the last ten 





ONE HUNDRED TON ELECTRIC LOCOMOTIVE, 1895. 
Used in the Belt Line Tunnel of the Baltimore and Ohio Railroad at Baltimore, 


years. At the convention of the National Electric 
Light Association held in Detroit, in August, 1886, a 
paper was read on the subject of electric motors; and 
to show the extraordinary growtk of the industry, it was 
stated that at that time fully five thousand were in use 
To-day it is estimated that over five hundred thousand 
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are used, or a hundred times as many as ten years ago 
| But this difference in numbers does not represent the 
full difference; for of the 
five thousand motors in 
use in 1886, at least four 
thousand were of the size 
used for driving small fans 
and sewing machines. At 
that time a ten horse power 
motor was considered very 
large, and it is doubtful if 
there were more than fifty 
in operation throughout 
the entire country. To- 
day there are numerous 
machines of over one hun 
dred horse power, and 
some even five or six times 
that capacity. There are 
several large manufactur- 
ing establishments where 
over three hundred motors 
are in use, their aggregate 


power running in some 
eases beyond four thou 
sand horse power. Con 


cerns that use one hundred 
or more motors, requiring 
for their operation from 
one thousand horse power 
upward, are quite numer- 
ous. 

Some idea of the differ 
ence bet ween the machines 
of to-day and the efforts 
of the early experi- 
menters, in design as well 
magnitude, may be 

obtained by comparing 

the illustrations of the earlier motors and 
tives with the later ones. The motor invented by 
Jacob Neff, of Philadelphia, is a fair representation of 
the electric motor of forty and fifty years ago. The 
armatures, which were plain bars of iron, were held by 
the frame of the motor while the electro-magnets were 
carried by a hub on the shaft journaled in the center of 
the frame and carrying a commutator for directing the 
current through the several magnets in succession as 
their poles approached their armatures. The two-phase 
electric notor here illustrated is a machine of to-day. 
This is a Westinghouse 300 horse power motor of the 
self-starting induction type, designed to operate at a 
speed of five hundred :evolutions per minute when 
supplied with 

two-phase 

8,000 
ternations per 
2,000 
pressure 


as 


k COTO 


cur 
rents of al- 
minute and 
volt 
This 
fords an example 
of the latest 
velopment in elec 
tric The 
Siemens locomo- 
tive of 1879, under 
guidance of the 
motorman, is here 


Ss 


machine af 
de 


motors, 


figured and one of 
the one hundred 
ton locomotives 
now in use in the 
Beit line tunnel of 
the Baltimore 
and Ohiv road at 
Baltimore 
shown. These 
locomotives are 
more powerful 
than the 
steam 


is 


largest 
locomno 
tives. 

A few figures 
will show the ex 
tent of the electri- 
eal industry ini the 
United States ai 
the present time 

In the mining 
industry it is esti 
mated that the 
investment in 
alectric apparatus 
amounts to over 
one hundred mil 
lions. 

The estimated 
number of motors 
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in is five hundred thousand; placing the aver- 
age value of these at one hundred and fifty dollars, the 
aggregate represents seventy-five millions. The num- 
ber of electric elevators in use is not known, but as there 
are over six hundred in New York City alone, it is 
evident that the total must run up into thousands, 
and represent an investment of ten or fifteen millions 
There over twelve thousand miles of electric rail- 


use 


art 


roads, using over twenty-five thousand trolley cars. | 


than ninety per cent of all the 
The combined capital 


his represents more 
street railways in the country 
of these roads is over seven hundred 
ver twenty-seven 
from which 


The 


millions. There are 


hundred central stations, 


farnished 


light and power al 
investment is this line is over three 
hundred millions, There are nearly 


ight thousand isolated plants, valued 


e 


at more than two hundred millions 


These several industries represent a 


total investment of near! fourteen 
hundred miliions, of which nearly two 
thirds is invested in those branches in 
which the electric motor, in one form 
or another, is used. This two-thirds of 


been ce veloped with 


the industry has 

n the iast ten years 

It is estimated that nearly four per 
cent of all the people in the United 


States make their living in one 
ut of the electric industry. 
of the 


e ‘outstripped i 


way 
or another 
As 


which we ha 


an indication manner in 


uropean 
countries in the electric field, we may 


mention the fact that there are over 


eight times as many electric railways In 


this country as in ali the rest of the 
sorid eo bine | 
sce 
THE SEWING MACHINE 
Fifty years have passed since Elias 
Howe applied at Washington for a 
patent on his sewing machine, and 


placed on file the working model which 
the tenth 


day of September, 1846, the patent was 


is herewith illustrated. On 


granted That day may juatly be 

written down as the birthday of the 

sewing machine—the practical modern 

machine as we know it to-day 

therefore the semi-centennial anniversary of one of 
the greatest labor-saving devices of modern times. 


In according to Elias Howe the title of father of the 
is not unmindful of the earlier 
inventors, whose devices, more or less 


sewing machine, one 
othe: 


erude and impractical 


attempts of 
contained a suggestion of the 





the fact remains that Elias Howe did independently in- 
vent a practical sewing machine, which contained the 
three essential features of a needle with the eye at the 
point, a shuttle operating beneath the cloth to form 
the lock stitch, and an automatic feed; that he had 
sufficient faith in his machine to cover it with a patent ; 
and that his unconquerable perseverance enabled him 
to convince the world of its commercial utility and es- 
tablish its reputation as one of the most beneficial in- 
ventions of the age. 

The inventor of the sewing machine was born in 1819 





THE ELIAS HOWE MACHINE, SEPTEMBER 10, 1846. 


Earliest model filed in Patent Office. 


and the year 1896 is| at Spencer, Mass. His father was a farmer and miller, 


whose means were so small that Howe was put to work 
at bread winning when he was yet a mere child. At 
twenty we find him a machinist in the shop of a Mr. 
Davis, of Boston, Mass., where he was first startec 


| on his investigation of the possibilities of mechanical 


sewing by hearing a capitalist remark to his employer 


future combination of parts, which was to make possible | that a large fortune awaited the man who could invent 
mechanical sewing. The reeords of the English Patent a sewing machine. At the outset he lost much valuable 
Office show that on July 17, 1790, Thomas Saint patent-| time in the endeavor to copy the motions of sewing by 
ed a sewing machine, which had a horizontal eloth | hand. If young Howe had known something of the 


plate, a ve 
thread fed from a spool, an automatic feed and means 
itening th It sewed with a chain stitch, 


forming the hole, and a needle with a notch in 


Cm 
for tig thread. 
An aw 


ts lower end push 


and forming th Thimonnier, in 
430, patented a ma 1 in France, in 
which a barbed needle shaped like a 


crochet carried through the 
above, and caught a thread 
which was on the lower side, bringing it 
up through the cloth, and forming a chain 
atitch on the upper side 

Walter Hunt, of New York, applied for 
showed that in 1834 
he had made and sold sewing machines 
which 


needicv wa 


materiai trom 


& Patent in 1%4, and 


embodied an eye-pointed needle 
and a shuttle Whatever suecess Hunt 
have had with these designs, it is 
that it Howe had 


independently invented his own machine, 


nay 


certain was not until 
and proved its atility to the public satis 
faction, that Hunt thought his device of 
to cover it with a 
His application was rejected “on 
the ground of abandonment.” the courts 
holding that the patent law is framed for 
the protection and reward of such inven 


sufficis ht importance 


patent 


tors as disclose their inventions for the 
public benefit. Lf Hunt's machine was 
practical, as he claimed, we have here 
a notable instance of the foliy of al 


lowing a useful invention to lie dormant until some 


independent inventor has achieved the same result, 
ani demonstrated its commercial value. Similar 
cases to this of Hunt and Howe are not far to seek. 
They ali teach us that, if the first inventor believes his 


device to be practical and valuable, he should hasten 
to place himself beneath the protection of the patent 
law ; but that if he loses faith in ite possibilities and 
and gives up his seareh, he should be content to 
leave the field to others and “ for ever hold his peace.” 

Whatever 


abov 6 toe 


value, 


credit may be due to the early machines 





reciprocating needle, a continuous| early attempts of Saint, Thimonnier and others, he 


would have given his sewing machine to the world 
some years earlier than he did; but he had to go over 
the road that others had traversed before him, trying 


the thread through the cloth,| in vain to sew successfully with a needle pointed at 





THE WILSON MACHINE OF NOVEMBER 12, 1850. 


Earliest model filed in Patent Office. 


both ends, and having the eye at the center. It was in 
1844 that he abandoned the attempt to imitate the hand 
stitch, and conceived the idea of using two separate 
threads, on either side of the cloth, and forming the 
stitch by the co-operation of a shuttle. He was on the 
right track at last, and it was a natural step to shift 
the eye from the center to the point of the needle, so 
as to more readily form the loop for the passage of the 
shuttle. He did this, and in October, 1844, by means of 
a rough model, he had satisfied himself that his de- 


| vice would sew. Howe was very poor, and in spite of | 
nhioned, and to the later experiments of Hunt, | the priceless secret which lay hidden in his brain, he 
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found himself quite unable to purchase even the ma- 
terial to build a working machine. Fortunately for 
him and the world at large, he was able to induce a 
former schoolmate, George Fisher, to provide $500 for 
the expenses of constructing a machine, and to board 
Howe and his family while it was being built, in con- 
sideration of which he was to acquire a half interest in 
the patent when it should be taken out. The work was 
finished by April, 1845, and in July he sewed two com- 
plete suits of clothes for himself and Fisher. 

Then came the heartache and disappointment. The 





tailors were suspicious of the machine ; 
and even after a public exhibition, in 
which the machine easily beat five of 
the swiftest sewers of a clothing manu- 
factory, he received not a word of en- 
couragement. 

Howe went back to the garret of 
George Fisher's house and built an- 
other machine, for deposit in the Patent 
Office, this being his second machine 
and the one shown in our illustration. 

In all the annals of the Patent Office 
it would be difficult to find a “‘strong- 
er” patent than this. So completely 
did it embody the essential features, 
that it carried its author safely through 
such a tempest of litigation as never 
fell upon a patentee before or since. 
Judged by comparison with later ma- 
chines, the product of skilled and intel- 
ligent mechanics, this early effort of 
Howe's, with its piece of cloth stuck 
on the pins of a “ baster plate,” is a 
somewhat clumsy affair ; but it sewed, 
and it did so according to principles 
which will probably continue to gov- 
ern the construction of sewing machines 
to the end of time. 

By a study of the cut it will be seen 
that a curved, eye-pointed needle was 
carried at the end of a vertical vibrat- 
ing lever, and that it took its thread 
from a spool situated above the lever. 
The tension on the thread was se- 
cured by means of a spring brake, 
whose semicircular ends bore upon the 
spool, the pressure being regulated by a 
vertical thumb screw. The work was 
held ina vertical plane by means of pins projecting 
from the edge of a thin metal “ baster plate,” to which 
|an intermittent motion was given by the teeth of a pin- 
ion. Above the “baster plate” was the shuttle race, 
| through which the shuttle, carrying the second thread, 
was driven by means of two strikers, which were ope- 
rated by two arms, and cams located on the horizontal 
main shaft. 

After securing his patent, Howe, discouraged by his 
reception in America, determined to introduce his ma- 
chine in England, and sent one over by his brother, 
Amasa B. Howe, to London, where a Cheapside manu- 
facturer of corsets agreed to furnish money to promote 
the new venture. The following year, 1847, we find 
Howe in London trying, as part of the bargain, to 
adapt his machine to the sewing of corsets. Then fol- 
lowed two years of heartbreaking failure, 
in the course of which the inventor sank 
steadily into poverty. From three smail 
rooms, he moves into one in the poorest 
part of Surrey. He borrows from a chance 
friend the means for bare existence, and 
the money to send his sick wife to Ameri- 
ca. Then he finishes a machine worth 
$250, which he sells for $25 ; and finally he 
pawns his first machine and his patent for 
money to carry him back to America, 
where he arrives, practically penniless, in 
April, 1849. 

From this time on the tide of fortune 
sets steadily in his favor. He discovers 
that in his absence his shuttle machine 
has been built and sold freely in America, 
and that the mechanical world is wak- 
ing up to its great possibilities. With 
the assistance of his father he commenced 
an infringement suit against those parties 
who were making his machine, or ma- 
chines embodying his claims, and after 
a bitter fight he came off completely 
victorious. A vigorous attempt was 
made by I. M. Singer & Company 
to break the Howe patent, on the 
ground that an earlier machine (as already mentioned) 
had been made by Walter Hunt; but while the parts 
of the Hunt machine of 1884, which were recovered and 
produced in court, showed that he was “upon the 
track of the invention,” the evidence showed that he 
had finally given up in despair of any practical results. 
In 1854, Judge Sprague, of Massachusetts, in giving a 
verdict for Howe, observed that “‘there is no evidence 
in this case that leaves a shadow of doubt that, for all 
the benefit conferred upon the publie by the introduc- 
tion of a sewing machine, the public are indebted to Mr. 
Howe.” His success in the Singer suit was followed by 
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ict against other infringers, and they were obliged 
- royalties, (at first $25 on each machine), which 
remselves ultimately gave him a princely in- 
He also established a factory in New York, and, 
bh og bought up the remainder of his patent, he com- 
.d to manufacture his own machine. His patent 
xtended for seven years, in 1860; but another ap- 
p ion, in 1867, was denied. He was decorated with 
t) ross of the Legion of Honor by France, in 1867, 
died on October 3 in the same year. 
\t to Howe, the name of Allen B. Wilson 
cl .s notice as the inventor who has done 
th vost to give us the present perfected sew- 
machine. To him we are indebted for 
. two most ingenious and beautiful 
s of mechanism : the rotating hook and 
four-motion feed. He claims to have 
eived the idea of a sewing machine in 

His first machine was built during the 
iz of 1849, while he was in the employ 
Mr. Barnes, of Pittsfield, Mass., a cabi- 
net maker. In the same year he built a 
second and better machine, and “up to this 
time,” says, “I had never seen or heard of a 
sewing machine other than my own.” He 
sells a one-half interest in the invention to 
Joseph N. Chapin, of North Adams, and 
with the proceeds takes out his first patent, 
which bears date November 12, 1850. The 
model of this machine, now in the Patent 
Office, is shown in the accompanying illus- 
tration. It formed a lock stitch by means of 
a curved needle on a vibrating arm above 
the cloth plate, and a reciprocating two- 
pointed shuttle traveling in a curved race be- 
low the plate. The feed motion was ob- 
tained by the two metal bars which are seen 
intersecting above the shuttle race. The 
lower bar, called the feed bar, had teeth on 
its upper face, anc by means of a transverse 
sliding motion it moved the cloth, which was 
placed between the two bars, the desired 
distance, as each stitch was made. 

In 1851 Wilson patented his famous ro- 
tating hook, which performs the functions of a shuttle 

by seizing the upper thread and throwing its loop over 
a circular bobbin containing the under thread. This 
simplified the construction of the machine by getting 
rid of the reciprocating motion of the ordinary shuttle, 
and contributed to make a light and silent running 
machine, eminently adapted to domestic use. 

In 1852 Mr. Wilson patented his four-motion feed, 
which, in combination with a spring presser foot, may 
be said to form the basis of all modern feeding mechan- 
isms, The feed bar, as its name indicates, had four 
distinct motions, two vertical and two horizontal. It 
was first raised by the action of an eccentric on the 
driving shaft, then carried forward by a cam formed on 
the side of the eccentric (by which operation the work 
was shifted the desired distance), then it dropped, and 
finally it was drawn back by a spring to its original po- 
sition. This machine, as shown in our engraving, uses 
the curved needle and embodies the rotating hook and 
the four-motion feed. The latest type of this machine 
uses a vertical needle bar and a straight needle. 

Wilson had the good fortune soon after securing his 
patent to interest Nathaniel Wheeler, a young carriage 
maker who possessed some 
capital, in his machine, and 
out of this connection grew 
the great house of Wheeler 
& Wilson. Unquestion- 

ably, the association of Mr. 
Wheeler with the sewing 
machine at the very incep- 
tion of the industry was 
very largely answerable for 
its early and rapid success. 
It is rarely that the invent- 
ive and the commercial in- 
stinct are combined in the 
same man. It is certain 
they were not in Wilson. 
Wheeler, on the other 
hand, was eminently quali- 
fied by his wisdom, tact, 
and engaging presence to 
promote the interests of the 
new device. He succeeded 
in interesting some of the 
Wealthy capitalists of the 
day, and the successful 
career of the Wheeler & 
Wilson establishment is a 
tribute to his undoubted 
business ability. 

In 1851 W. O. Grover and 
W. E. Baker patented a machine which made the 
~ Grover & Baker stitch.” They used two needles, one 
above and the other below the material, the lower 
needle passing horizontally through the loop of the 
'pper thread and producing a double chain stitch on 
‘he under side of the cloth. Great things were hoped 
‘rom the double chain stitch by its promoters, and in 
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the first twenty years its yearly sales rose to over 50,000; 
but, while it is specially adapted to certain classes of 
work, it has never won the popularity of the shuttle 
lock stitch. 

To Mr. James E. A. Gibbs the world is indebted for 
the single thread rotating hook machine. Mr. James 
Parton, in his historical review of this industry, writ- 
ten in 1871, says: ‘“ Twelve years ago, Mr. James E. A. 
Gibbs, a Virginia farmer, saw in the ScIENTIFIC 
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THE SINGER MACHINE, AUGUST 


Earliest model filed in Patent Office. Reproduced from the SCIENTIFIC 
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AMERICAN a picture of a sewing machine. The work- 
ing of the apparatus was very plain down to the moment 
when the needle perforates the cloth, and he fell into 
the habit of musing upon the course of events after the 
point of the needle was lost to view. The result of his 
cogitations, aided by infinite whittling, was the inge- 
nious little revolving hook, which constitutes the pecu- 
liarity of the Willeox & Gibbs machine.” The rotating 
hock, which is placed below the cloth plate, seizes the 
loop, and during the ascent of the needle, it gives a 
twist to the thread, and spreads it out beneath the 
needle hole ready for the next descent of the needle, 
when the hook catches another loop and repeats the 
operation. 

Patent No. 8294, of August 12, 1851, introduced 
one of the most useful machines, and one of the 
most remarkable men, that have figured in the devel- 
opment of the sewing machine. Isaac Merritt Singer, 
strolling player, theater manager, inventor, and million- 
aire, brought into the business a new machine and 
novel methods of exploitation, which gave a powerful 
impulse to the youthful industry. The Singer improve- 
ments met the demand of the tailoring and leather in- 
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THE WHEELER & WILSON PERFECTED MACHINE OF JUNE 15, 1852. 
Reproduced from the ScignTIFIC AMERICAN of June 4, 1853. 


dustries for a heavier and more powerful machine. Our 
illustration shows the original machine upon which the 
patent of 1851 was granted. The novelties consisted in 
the circular feed wheel below the cloth plate, which had 
a serrated periphery projecting slightly above the 
plate, and was fed by a rock shaft and paw! ; a thread 
controller ; and the use of gear wheels and shafting to 
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transmit the power from the hand wheel to the two 
countershafts for working the vertical needle and the 

shuttle. Singer was also the first to introduce foot 

power in place of the hand-driven crank wheel. He was 

a man of astonishing energy and fertility of resource, 

and he was the originator of the system of sale by 

agents, which has done so much to introduce the sew: 

ing machine into the domestic circle. 

Before passing on to a consideration of the statistics 
of the sewing machine, mention should be 
made of the application of this remarkable 
invention to the shoe and leather industries, 
where it has worked something like a revo- 
lution. The hand sewing of the uppers has 
given place to the quicker work of the ma- 
chine ; and this in turn led to the invention 
of the justly celebrated McKay machine for 
sewing on the soles of shoes, which waa first 
introduced in 1861. According to Mr. Fred- 
erick G. Bourne, president of the Singer 
Manufacturing Company, “ it is stated that 
as many as 900 pairs of shoes have been 
sewed on one machine in one day of ten 
hours; and that over 350,000,000 pairs of 
shoes have been made on the McKay ma- 
chine up to the year 1877 in te United 
States, and probably an equal or greater 
number in Europe.” This machine used 
a waxed thread and made a chain [stitch 
The Goodyear, a later machine, makes the 
lock stitch with a waxed thread, and sews on 
the sole in the same way as it is done by hand 

One could wish to dwell at length upon 
many of the remarkably ingenious applica- 
tions of the sewing machine to the various 
trades, and make mention of the glove 
stitcher, the buttonhole machine, and many 
others, but we must pass on to general sta- 
tistics. 

In 1856 the owners of the original sewing 
machine patents formed the famous “ sewing 
machine combination” for the establishment 
of a common license fee, and for the protee 
tion of their mutual interests. The com 
bination included Elias Howe, the Wheeler & Wil- 
son Manufacturing Company, the Grover- & Baker 
Sewing Machine Company, and I. M. Singer & Com- 
pany. Any manufacturer who had a machine with 
reasonable claims to novelty was admitted on payment 
of the iicense. The records of this combination furnish 
us with valuable statistics of the sewing machine indus- 
try up to the year 1876, when the patents expired ; an 
extract from these records is given below : 





Manufacturer. 1853 1859 1867 1871 1878 1876 
Wheeler & Wilson Manufac- 
turing Company........ 708 21,306 38,055 128,526 119,19) 108,997 
*The Singer Manufacturing 
Company ........-..+.0. 810 10,053 48,0€° 181,260 232,444 262,516 
Grover & Baker Sewing Ma- 
chine Company........ 657 10,280 2,900 20.898 86,179 
Howe Sewing Machine Com- 
ONT 0 00sss+ eetbkhenes' < . 11,088 124,010 90,000 109,204 
Willcox & Gibbs Sewing 
Machine Company..... .... - 14,158 90,1227 15,881 12,758 
Domestic Sewing Machine 
Company,... .......-. 10,507 40,114 28,587 


* Originally I. M. Singer & Company. 

The above reports show that, in the last years of the 
combination, the yearly sales of machines in the United 
States averaged 575,000! 
The subsequent census re 
ports further indicate thai 
the annual sales during the 
next fourteen years aver- 
aged over haif a million; 
and a canvass which we 
have recently made of the 
leading firms in the United 
States shows that the 
yearly output in 1896 may 
be put down at between 
600,000 and 700,006. 

Purthermore, the records 
of the Bureau of Statistics 
show that the total value 
of the exports of sewing 
machines from 1865 to 1895 
reaches the large sum of 
$67,000,000. 

Sotae conception of the 
patient investigation, intel- 
ligent thought, and time 
and money that have been 
spent in perfecting the sew- 
ing machine may be had 
from the fact tat from 1842 
to 1895 over 7,000 patents 
had been granted on its 
various modifications ! 

Such has been the history of the sewing machine, and 
in the whole field of invention it would be difficult to 
find a device which has ministered more intimately to 
the wants of the race than this. It has brought go!d to 
the rich, good wage to the worker, and—best gift of all 
—sadly needed rest to weary fingers and aching eyes 
in many a cottage and garret. 
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4SGRICULTURAL 

Before the building of the reaper it could be truly said 
that those who earned their bread by the labor of the 
harvest did so by the sweat of their brows. In the heat 
of midsummer, without protection from the beating 
sun, in a stooping position, the toilers of the world 
gathered the harvests. So excessive and trying was the 
labor that the wages at harvest time were double those 
of other seasons of the year, and the farmer engaged his 
help months in advance for this rushing period. 

A little more than half a century of American inven- 
tion in harvesting machinery has worked wonders as 
great, and has contributed as much to the wealth and 
prosperity and the civilized progress of the world, as has 
the spinning jenny and power loom in manufactures 
and the railroad in transportation. 

The modern self-binding harvester is drawn into the 
field in the morning, and by night twenty acres are 
eut and bound inte bundies with cord bands and 
left in windrows for convenience in shocking. This 
machine does the work of twenty men and does it 
better, seving enough grain over hand labor to pay 
for the cord used in making the bands. To such 
an extent has the industry of producing these ma- 
chines progressed that 150,000 machines of this 
type are produced yearly, the manufacturers in the 
city of Chicago alone turning out more than three- 
fourths of this number. They are sold world wide, 
and every self-binding harvester contains as its 
fundamental! elements the inventions of American 
mechanics. The seythe has given 

machine, and the extreme 
and the crowds of extra help 


artisans and 
to the 


labor of the harvests 


way mowing 
are seen no more on the farm 

The number of mowers annually produced ex- 
eeds the number of self-binding harvesters, and 
while they are not such savers of labor, still each 
tnachine does the work of five men with seythes, 
\ conservative estimate of the number of self-bind- 
ing harvesters that will be in use in the harvest of 
400,000, and more than that num- 
no country are 


1806 would be 
mowing machines In 
these machines used so universally as in America, 
and the tremendous effect of their use in the production 
The agri- 
cultural prosperity of the land depends upon them. 
The great prairies of the West were only developed by 
their aid. It is only by their use that the American 
farmer can compete with the myriad hordes of cheap 
laborers in the old world, and close students of the 
political history of our country lay the preservation of 
the Union to the fact that the reaper allowed the gath- 
ering of the harvests, and the progress and develop- 
ment of the Northwest, to proceed during the time of 


ber of 


of grains and stock can scarcely be realized. 


the great rebellion. 


| the field. 





It takes but a few years beyond a half century to in- 
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department of reaping machines, it will be seen that 
thousands of ideas have been advanced. Almost every 
known mechanism has been tried for severing, gather- 
ing and handling the cut crop, but through all this 
time and all these experiments the machines that have 
contained the elements,invented and arranged as in the 
first machine built by Cyrus H. McCormick have been 
| the only ones that have been of use in the real labor of 
‘the grain harvest. The first machine had a main wheel 
| frame, from which projected to the side a platform con- 
taining a cutter bar, having fingers through which re- 
ciproeated a knife driven by a crank; upon the outer 
end of the platform was a divider projecting ahead of 
the platform to separate the grain to be cut from that 
to be left standing; a reel was positioned above the 
platform to hold the grain against the reciprocating 











THE FIRST PRACTICAL REAPER. 
Invented and built by Cyrus H. MeCormick in 1831. 


knife, and to throw it back upon the platform, and the 
machine was drawn by a team walking at the side of the 
grain. This machine was the first to contain these ele- 
ments, which have invariably been embodied in every 
grain harvesting machine made from that day to this. 
They are the essential elements of a reaper, without 
which no grain harvester can be built. This machine was 
successfully operated on the farm of John Steele, near 
Steele's tavern, Virginia, in the summer of 1831. In 
1833 Obed Hussey built a machine and operated it in 
It was similar to the McCormick machine, ex- 
cept that it had no reel and no divider. It also had no 
platform upon which the cut grain could accumulate 
and be raked to one side out of the way of the path of 


elude the invention and building of the first practical | the wheel in the next round of the field. These two 
reaper, and the important steps of improvement that | machines were operated year by year down to 1845, and 


have taken place upon it to develop it into the effect- 
ive modern machine to-day At the beginning 
of the century there was no reaping machine. The 
Royal Agricultural Society of England at that time 
offered a prize for the production of a successful reaper, 
and continued this offer for forty years 
the ancient Romans used on the plains of Gaul, that 
were pushed ahead of the ox and which were fitted with 
combs that stripped the heads of grain from the stalks, 
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THE McCORMICK REAPER OF 1845, 


The first step in the progressive development of the reaper 


was the placing of the raker upon the machine. 


causing the heads to fall into the body of the cart, were 
not machines, inasmuch as they had no gathering, sever- 
ing, or automatically operating devices upon them. 
However, in all history, down to the year 1828, these carts 
are the only practical cperating devices mentioned for 
gathering grain. In 18% an Englishman, Rev. Patrick 
Bell, built a machine that did some work in the field. 
it was used for a few years and disearded. After the 
first World's Fair, which was held in London in 1851, it 
was, however, revived and changed so as to incorporate 
ideas from the American machine on exhibition at this 
fair. Even with the added features it was not a success, 
and soon disappeared from the market. 

In 1831, Cyrus H. MeCormick, of Virginia, built the 
first practical grain barvesting machine. It contained the 
essential elemente that have been found in every grain 
harvester that has proved a suevess from that day to this. 





| 








were the only machines up to that time that were capa- 
ble of successfully harvesting grain. 

The first step of importance in the development of 
the practical reaper of 1831 was the addition of the 
raker’s seat, which McCormick invented and applied to 


The carts that | his machine, a device by which the raker couid be 


carried upon the machine and as he rode through 
the field rake the grain from the platform to the 
ground, whenever sufficient grain had accumu- 
lated to form a bundle. A cut of the ma- 
chine, with the raker in position, is here 
shown. Up to the time of the invention of 
the reaper, in 1831, a diligent search of the 
Patent Office records of all countries, and of 
the files of scientific journals, agricultural 
papers and mechanics’ magazines, shows that 
there was but one German, two French, 
twenty-three British and twenty-two Ameri- 
ean inventions referred to, and but a small 
number of these were patented. Of this 
number but one machine survived a test in 
the field, and it has been shown by the ex- 
perience of half a century that this machine 
(the Bell) did not contain the essential ele- 
ments necessary for the production of a suc- 
cessful reaper. 

In the early days of the use of harvesting 
machines the reaper was used to cut grass, 
or a8 a mower, and in 1849, A. J. Purviance, 
of Ohio, obtained a patent for the removing of 
the platform of the reaper, so that the grass when 
eut by the knife coald pass back over the finger 
bar upon the ground, and the machine was thus 
more conveniently made a combined machine, or one 
that could both reap and mow. In the spring of 1851, 
McCormick placed his reaper on exhibition at the 
World's Fair at London. Hussey also ha° his machine 
on exhibition, and they were the only reapers there 
shown. The machines were tested in the field, and the 
Grand Council medal, which was one of four special 
medals awarded for marked epochs in progress, was 
awarded the McCormick. The judges at that fair 
were reminded that other efforts had been made 
toward building reapers twenty years before, in Eng- 
land, but they referred to the McCormick machine as 
being worth to the people of England ‘the whole cost 
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“MACHINERY. Looking back upon the work of the last sixty years in the | of the exposition.” When the machine was put into 


the field for trial it astonished all who saw it operate. 
and from this exhibition of the reaper, made at great 
labor and expense by Cyrus H. McCormick, dated the 
introduction of the reaping machine to the people ot al! 
lands. Ata later exposition, after again winning the 
Council medal, Mr. MeCormick was decorated by the 
French government as an officer of the Legion of 
Honor for “ having done more for the cause of agricul 
ture than any living man.” 

The next progressive step in the development of tlic 
reaping machine was the application of an automatic 
mechanism to rake the grain from the platform to the 
ground. This work had, up to this time, been done by 
a man riding upon the machine. In 1849 Jacob J. and 
Henry F. Mann, of Indiana, patented a machine hav- 
ing a series of endless bands for carrying the grain, after 

it had been cut and reeled upon these bands, to the 

side of the machine, where it accumulated in a 

receptacle until a sufficient amount had been gath- 

ered to form a bundle, when the operator dumped 

the receptacle, leaving the gavei upon the ground. 

In 1850 Homer Atkins, of Illinois, invented a 

device for giving a reciprocating, intermittent mo- 

tion to a rake, in order to deposit the grain upon 

the ground, after it had been cut and reeled upon 

the platform. This machine marks the beginning 

of an era of self-raking reapers, that continued to 

be supplied to the market for twenty years. The 

self-raking reaper was the principal type of a grain 

harvester in use for more than a quarter of a 

century, and there were many improvements of 

minor importance made upon it, such for instance 

as the quadrant platform of Palmer & Williams, 

in 1851; the supplementary frame of Densmore, 

in 1852; the dropper platform of Lucomb, in 1855 ; 

the Dorsey continuously revolving reel raking 

device, in 1856; the Hubbard self-rake, the 

Wood platform rake; the Whitely improvements 

in reel rakes; the McClontoeck Young revolving 

reel gatherers, carrying a rake revolving around 

the reel shaft; the Burdick, Howard Dodge, 

Whitely and Miller improvements in rakes—all of 

which served their purpose in forming distinctive types 

of machines to cut and deliver grain in gavels on the 

ground. They were all attached to reapers whose 

principles were the same as those invented and built by 

Mr. McCormick in 1831, and which the Paris Exposi- 

tion of 1865, in awarding him the grand medal, the 

highest honor, stated was for ‘the real inventor of the 

system which has insured in practice the suceess of the 

new implement which is now available for agriculture.” 

After the expiration of Mr. MeCormick’s patent, in 1848, 

manufacturing establishments started in different sec- 

tions of the country, and the building of harvesting 
machines became a great industry. 

In certain sections of the country, however, particu- 
lar types of machines were used, such, for instance, as 
a machine called the “‘ Header.” Such a machine was 
patented in 1849 by Jonathan Haines, of Illinois. It 
had the essential elements of the reaping machine, but 
was pushed ahead of the horses, cutting a wide swath 
and clipping the heads of the wheat, which were carried 





THE MANN HARVESTER OF 1849. 


in the development of the reaper was in 
applying ta it an automatic device to remove the grain 
therefrom in gathers. 


to the side of the machine on endless aprons and de- 
posited in wagons driven at the side of the machine, 
and by these wagons carried to stacks. This machine 
was used in considerable numbers in dry countries, and 
has remained in use in limited numbers even to this 
day. In the summer of 1850 Augustus Adams and J. 
T. Gifford, of Elgin, Ill, built probably the first hand 
binding harvesting machine. It was a machine of the 
same type as that built by the Manns, in 1849, but it 
had, in place of the receptacle into which the cut grain 
fell as it left the traveling apron that conyeyed it to the 
side, a platform’ upon which men were carried through 
the field, 2nd upon which the grain fell from the end- 
less apron, where it was bound by men carried upon the 
machine. This is probably the earliest example of a 
machine which afterward came into extended use un- 
der the name of haul binding harvester. But little was 
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ne with this machine by Mr. Adams, who after- 
ard associated with him one Philo Sylla. In 1853 
vey built another machine upon which men bound as 
ey rode, but which differed from the first machine in 
iat it had a jointed cutter bar. Up to this time all 
achines that had been built had a stiff bar extending 
ron wheel to wheel. In 1854 Cyrenus Wheeler, of New 
_ork, built a machine for cutting grass, that contained 
he jointed bar feature of the Adams & Sylla machine, 
nd put into practical shape for the first time the mod- 
vn form of the jointed bar mowing machine. Louis 
‘iller, of Canton, Ohio, in 1858 made an invention that 
.s an improvement in general form and construction 
on this type of a machine. The Aultmans, with 
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matic binders which they were attaching to harvesters 
of the Marsh type, by removing the platform upon 
which the men stood, and placing the automatic binder 
so as to receive the grain as it is delivered from 
the elevator of the harvester. 8. D. , of 
Madison, Wisconsin, James F. and John H. Jordan, of 
Rochester, N. Y., Spaulding, of Rockford, and With- 
ington, of Janesville, did good work in the develop- 
ment of the automatic binder that bound with wire. 
The use of wire, however, as a binding material met 
with opposition, and the inventors turned their atten 
tion to perfecting an attachinent that would bind with 
cord ; and to Marquis L. Gorham, of Rockford, Illinois, 
who built a successful cord binder and had it at work 





nom Miller was connected, had bought before this 
‘ue the Sylla & Adams patent, and controlled for some | 
irs the building of jointed bar mowers and reapers. | 

n 1858, C. W. and W. W. March, of Illinois, in- 

ited their harvester. It was a machine of the 
ila & Adams type, as the grain after it had been 
_:t and deposited upon an endless apron was car- 
i to one side of the machine to men riding up- 
the machine, who bound this grain into bun- 
dis. It should be remembered that the self- 
,ing reaper was the machine in general use up 
t. this time, and men did the binding, walking 
trom gavel to gavel. The Marsh Brothers thought 
that two men riding upon the machine could do 
as much work as four walking upon the ground, 
and their machine, which they continued to de- 
velop and perfect for several years, had finally, in 
iNt4 and 1865, been got into shape so that it was 
practically operative. A cut of this machine is 
here shown, and it is interesting not only as mark- 
ing a progressive step in the development of har- 
vesting machines, but as furnishing the machine 
to which the automatic binder was successfully 
attached. 

The next step in the progress of development to- 
ward the modern self-binding harvester was the at- 
tachment of a binding device to the reaping machine, to 
take the grain that had been cut and raked into gavels 
and bind the same automatically into bundles. John E. 
Heath, of Ohio, was the first to submit his ideas on the 
way to form a binder, to the Patent Office. He did this 
in 1850. In 1851, Watson, Renwick & Watson, skilled 
theorists, some of whom had been connected with the 
Patent Office in Washington, filed an application for a 
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self-binding harvester. The specification was very 
long, and they endeavored to include in it all the ideas 
they could think of that might possibly be some time 


an automatic self-binding harvester. No 

{ the kind was built by them, and this patent 

is an eXample of thousands of devices that have been 
submitted for patent, which would have been imprac- 
tical if put into operation. In 1856, C. A. MePhitridge, 
of St. Louis, filed an application for a patent, which, as 
we look back over the art, with the knowledge gained 
from years of experience in the field, is seen to have 
contained ideas approaching some that are now prac- 
tical. Probably the first to complete a binding at- 


tachment that was partly automatic, and to attach it 
toa reaping machine, were H. M. and W. W. Burson, 
of Illinois. 


in the harvest field in 1874, must be given the credit of | 
producing the first successful automatic  self-sizing 
binder. It bound with cord and produced bundles of 









pair, Not only did Mr. McCormick, as the pioneer in. 
ventor, have to design a tool of this kind from the 
foundation, but he had to educate the people to an un- 
derstanding of the possibilities of his invention, and to 
the advantages to be derived from its use. Historians 
have eulogized the pioneers that pressed ahead into the 
wilderness, among savage Indians, and there cleared 
farms and made themselves homes, and opened the 
country for settlement. But the toils aad struggles 
end privations that these pioneers overcame cannot 
be compared to the years of thought, experiment and 
toil, the disappointments, the lack of resources and the 
discouragements that surround an inventor who enters 
a new field of invention. Mr. McCormick invented his 
reaper in 1831, and worked with it until 1840 before 
making a single sale; during the years 1841, 1842 and 
1843 those reapers that he made at the home farm in the 











THE MARSH HARVESTER OF 1860 


The third step in the progressive development of the reaper 
was the placing of men upon the machine to do the 


binding. 


the same size. It was like MeCormick’s reaper—a 
machine that contained the essential elements that have 
been found in every grain binder since its time. The 
grain in this machine is delivered by the elevators of 
the harvester upon a platform, where it is seized by 
packers, working alternately at the center of the grain, 
and carried forward, wisp by wisp, into a secondary 
chamber, where it is compacted by the packers against 
a yielding trip, so that when sufficient grain is accu- 
mulated, the trip would yield and start the binding 
mechanism into operation. The cord is carried on the 
machine in a ball, one end of which is threaded 
through the needle and fastened in a holder. The 
grain is forced against this cord by the packers, and 
when the binder starts the needle encircles the gavel, 
carrying the cord to a knotting bill of the Bethel type, 
and the end is again seized by the rotating holder, the 
loop formed, the ends of the band severed, and the 
bundle discharged bound from the machine, at which 
time a gate, which has during tae binding operation 
shut off the flow of grain, retracts, and the operation is 
again repeated. This is the plan of operation of every 
self-binding attachment that is made even to this day. 
The grain is cut and delivered upon the apron by the 





in 1860, the Bursons had some wire binding attach- 
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THE LOCKE WIRE BINDER OF 1873. 
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"he fourth step in the practical development of the reaper 
was the placing of an automatic device upon the ma- 


chine to bind the grain. 


‘nents attached to reaping machines, and in 1863 they 
built one thousand machines, They were not, how- 
“ver, automatic machines, being assisted by hand 
labor, and did not do enough of the work to be profit- 
«ble, In 1864, Jacob Bethel, of Rockford, Illinois, ob- 
‘ined @ patent for a very important invention in bind- 
He showed and claimed for the first time the 
‘notting bill, which loops and forms the knot, and the 
‘rning eord holder for retaining the end of the cord. 
‘le, however, did nothing more with his invention. 
Sylvanus D. Locke, of Janesville, Wisconsin, during 
‘hese years was working upon binder. He took 
out tiany patents, and in 1873, associating himself 
with Walter A. Wood, built and sold probably the 
‘rst automatic self-binding harvester that was ever put 
‘\pon the market. The different builders of reaping 
‘nachines were at work at this time perfecting auto- 


ers, 








devices that McCormick combined and arranged more 
than half a century ago. It is carried onward and 
upward to a deck binder by Marsh’s plan, and 
selected from the continuous swath and formed 
into gavels, which are bound and delivered by 
Gorham’s plan. The most ingenious invent- 
ors of the world have, after twenty years, 
failed to devise a better plan. In 1879, John 
F. Appieby took out a patent on a machine 
upon which he had been working for the 
past four years, which in the arrangement 
of the devices was an improvement to that 
of Gorham. It, however, contained the prin- 
ciples of the Gorhain machine, which he had 
seen in operation in the field before he began 
to work upon his twine binder. The mod- 
ern twine binder is in the form of its devices 
and the arrangement of its parts built upon 
the Gorham plan, as improved by Appleby. 

It may be stated that there is a machine 
built and in practical operation in the dry 
climate of California that cuts, binds, 
thrashes and sacks the grain by a single 
operation. These machines are, however, useful only 
in very dry climates and are made only in limited num- 
bers, perhaps fifty being built and sold each year. The 
plan upon which they are built was deseribed in an 
application for a patent to H. Moore and J. Hascall, 
Kalamazoo, Mich., June 28, 1836. 

The work of the pioneer who enters a new field in in- 
vention and develops a new machine is one requiring 
the greatest persistence, endurance and faith in the 
ultimate suceess of the undertaking. In reapers not 
only did the machine have to be made capable of suc- 
cessfully doing its work, but being a field machine that 
was to be drawn over the rough fields of the average 
farm, and handled by all classes of men, and removed 
long distances from places of repair, it had to be capa- 
ble of standing hard knocks of every description, 
simple, easily understood, and difficult to get out of re- 





small blacksmith shop were placed with diftieulty, 
even though they did remarkable work, and 
showed a great saving in labor. The farm laborers 
of the country were adverse to them, and threat- 
ened any farmer who sought to use one. 

Asan example of the toil that was necessary to get 
agricultural machines into the field, it is known 
that Mr. McCormick made machines in Virginia 
which were carried over the mountains by team 
from Lexington to Richmond, and thence by canal 
to the ocean, by vessel to Ne . Orleans, and up the 
Mississippi River to distributing points at Cincin 
nati, Louisville, Dubuque and St. Louis. Being 
without means, his endeavors to induce manufac 
turers to produce his machines were time and 
again failures, and it was not until he had gone 
personally, on horseback, among the farmers of 
Indiana, Illinois, Ohio and Kentucky, and ob- 
tained from them written orders for his machine 
that he induced a firm ir Cincinnati to manu 
facture them. It was then necessary to follow 
these {machines into the field, to instruct the 
farmer in their operation, and to warrant them to 
give satisfaction, and to remove every possibility of any 
loss to the purchaser before they cou!d be finally indue- 
ed to pay for them. This course was continued by Mr. 
McCormick with unremitting ‘oil for several years, 
until the reputation of his reaper had spread over the 
land. 

It was then that the usual vicissitudes that surround 
an inventor who has a valuable invention began to 
annoy him. Infringers began manufacturing his ma 
chine without authority. He began suits; his patents 
were attacked ; interferences were arranged against 
him, and day by day he saw the grant made him by 
the government expiring and his returns from it being 
eaten up in endeavoring to protect his rights. Through 
all this, so great was the tenacity and so strong was the 
faith of Mr. MeCormick in his reaper, that he took it to 
the first World’s Fair, held at London in 1851, and there 
astonished the world with its operation. Those who 
had been the most sarcastic in deriding the invention 
became the loudest in its praise. 

There are but few statistics obtainable in relation to 
the growth of the industry of manufacturing grain and 
grass cutting machinery. In 1840 there were three 
reapers made, and less than thai number of people 
were necessarily employed upon them. In 1845, 500 
machines were made, on which 50 people were em- 
ployed, but not steadily. In 1850, the production had 
increased to 8,000, and in 1855 to 16,000, employing 
more or less steadily 500 people in their manufacture, 











THE MODERN AUTOMATIC, CORD, GRAIN BINDER. 


A machine which cuts, binds and carries the bound bundle 
into windrows. 


with as many more agents and salesmen to get the 
machines upon the farm. In 1860 the output had in- 
creased to 20,000 machines annually, and there were 
more than 2,000 people employed in the industry. Dur 
ing the next ten years, the increase was not so rapid, 
but in 1870 the annual production was about 30,000, and 
5,000 people were engaged in the industry. In 1880 
this output had increased to 60,000, and 20,000 people 
were engaged in the industry. About this time the 
automatic cord binder was perfected, and the next five 
years showed a marked increase in the output. In: 
1885 there were more than 100,000 self-binding harvest- 
ers built and sold, 150,000 reapers and mowers, anc 
30,000 people were engaged in the various departments 
of the industry. 1890 showed another marked increase 
in production, but not so large as would have been the 
case had all the different harvesting machine com- 
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their output as did severa! of the larger ones. In this 
yea. .wo manufacturing estabiishments in the city of 
Chieago made more than 200,000 machines, half of 
which were binders, and the other half mowers and 
reapers, and these two institutions alone employed in 
their various branches of manufacturing and selling 
10,000 employes. In 1895 the output of the largest 
of these manufacturing establishments in the city of 
Chicago was 60,000 self-binding harvesters fitted with 
bundle carrier and trucks ; 61,000 mowers, 10,000 corn 
harvester: and 5,000 reapers. The number of employes 
materially increased, but the total number of employes 
in the business has not increased for the last few years. 


There were exported in the year 1880 about 800 self- | 


binding harvesters, 
2,000 reapers, and 
1,000 mowers. In 1800 
this advance increas- 
ed to 3,000 self-bind- 
ing harvesters, 4,000 
reapers, and 2,00 
mowers. The Argen- 
tine Republic, Para- 
guay and Uruguay 
take most of the ma- 
chinese that go to 
South America, and 
perhaps one-quarter 
of the total exports 
are to these coun- \\ 
tries; another quar- “ 
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panies continued the same proportion of increase in among transatlantic steamships, she was the pioneer of | ing the next fifteen years, which intervened before the 
her class, and she anticipated by several decades the} outbreak of the civil war, only half a dozen sailing 


general introduction of steam into the navy. 

The progress of the American navy during the past 
half century has been strangely intermittent, and it 
may be defined as a long stretch of comparative stagna- 
tion, relieved by periods of sudden and remarkable ac- 
tivity, in which the resourcefulness and inventive 
genius of the nation were shown to be merely dormant. 
The first awakening came in the great civil war; the 


second in the last decade—1886-1896—of the period of 
which we are treating, in which a new navy, compris- 


ing ships of the very latest type, has been placed at the 
nation’s service. 
Fifty years ago the United States navy was mainly 
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vessels were built, as against 38 steam warships. In ad- 
dition to the service rendered by steam to ocean navi- 
gation in the merchant service, in the navy it brought 
further advantages of a tactical nature, which ren- 
dered it of special value. As compared with the sail- 
ing frigate, the steam frigate was independent of the 
wind and could place herself in the best position for a 
fight, giving or accepting battle as she pleased. This 
alone was sufficient to sound the doom of the grand old 
wooden two and three-deckers, with their towering top- 
sides and lofty stretch of glistening spars and snowy 
canvas, 
The accompanying illustration, from a daguerreotype 
of the Mississippi, 
shows rig and general 


was launched in 1841, 
and in 1858 C. B. Sta- 
art, the chief engi- 
neer of the navy, 
speaks of her as hav- 
ing been altogether 
the most useful and 
economical side 
wheeler in the navy, 
Her dimensions were: 
Length, 220 feet; 





beam, 40 feet; mould- 
ed depth, 39 feet; ton- 
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ter goes to the colo- i peges akan 
nies of Australia and 
New Zealand, while 
the remainder go 
largely to the Conti- 
nent of Europe, 
where they harvest the grains along the banks of the 
Red Sea and the Volga in Russia, along the Danube, in 
France, and in Germany, Sweden, Norway, England 
and Seotland. From these figures it wiil be seen that 
the great user of the labor-saving device is the Ameri- 
can farmer. It is only by employing these labor-saving 
implements that he is enabled to compete in grain rais- 
ing with the hordes of cheap laborers of India, and 
with those on the plains of Russia. 

re 
NAVAL AND COAST DEFENSE. 

The student of the past half century of progress in 
naval construction in the United States is tempted to 
exceed the further limits of his subject. As, in the his- 
tory of the steam: merchant marine, he cannot refrain 
from mention of the Savannah, so, in tracing the devel- 
opment of the steam warship, he is constrained to go 
back to the time of the war of 1812 and record the fact 
that it dates from that year. It appears that, in spite 
of the splendid service which was being rendered by 
the navy during the course of that war, it was felt that 
the sea coast and harbor defense was insufficient, 
and as a measure of protection to the city of New York 
it was decided to build a powerful battleship which 
should rely main- 
ly upon steam for 
its propulsion. A 
committee of the 
Coast and Harbor 
Defense Associa 
tion of that day 
appointed Robert 
Fuiton as engi 
neer, and from his 
desigus a large 
coast defense 
steam battleship 
of 2,475 tons was 
built and iaunch 
ed on Jane 2, 
1814. According 
to the plans of the 
Fulton, as she was 
named, the padd- 
dle wheel was in 
the center, be 
tween what ap 
pear to have been 
practically two 
hulls, with the 
boiler in one hull 
and engine in the 
other On her 
trial trip she made 
& speed Bhy 
miles an hour 
with her arma- 
ment on board. 
As originally de- 
signed, she was to 
have carried 382 
heavy guns. Such 
was the first war 
steamer the world 
ever saw. Like 
the Savannah 


CHUSETTS (1896), 


of 


& INCH GUNS OF THE MISSISSIPPI 





COMPARATIVE DIAGRAM, DRAWN TO SCALE, SHOWING THE DIMENSIONS AND WEIGHT OF THE CAST IRON SMOOTH BORE 
(1846) AS COMPARED WITH THE STEEL 8 INCH RIFLE GUNS OF THE MASSA- 


composed of line-of-battle ships and frigates, some of 
which carried the scars and the glory of many a hard 
fought duel in the war of 1812 The Naval Register for 
1846 gives the following summary of the number of ves- 
sels in the navy at that time: Ships of the line, 11; 
razee (Independence), 1.; first-class frigates, 12 ; second- 
class frigates, 2; sloops of war, 23; brigs, 8; schooners, 
6; steamers, 11; storeships and brigs, 4; a total of 78 
vessels of all classes. Of the battleships, the most im- 
portant was the grand old Pennsylvania, a giant for 
those days, of 3,241 tons and 120 guns, built in 1837. 
She had a full complement of 1,100 officers and men and 
cost $694,500 to build and equip. The other battleships 
were much smaller, being of about 2,600 tonnage and 
carrying 84 guns. The frigates of 1,726 tons carried 50 
guns and the sloops of war averaged about 800 tons, 
carrying from 16 to 24 guns. The armament of these 
vessels consisted of from four to twelve 8 inch guns and 
from sixteen to seventy-two 32 pounders, according to 
the size of the ship. All of the guns were smooth bores, 
firing round shell. 

The appearance of nearly a dozen steamers upon the 
register reminds us that we are dealing with the period 
which witnessed the passing of the sailing ship. Dur- 
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THE MISSISSIPPI—-UNITED STATES WAR STEAMER OF 1846. 
Displacement, 3,220 tons; speed, 7} knots ; armament, two 10 inch and eight 8 inch smooth bore guns ; total broadside, 
pounds, 





nage, 1,692 ; displace- 
ment, 3,220. There 
were two side lever 


condensing engines, 
with cylinders 75 
inches diameter by 7 
feet stroke. The boilers, three in number, were built of 
copper, with three furnaces, double return, ascending 
flues, and a total heating surface of 6,000 square feet. 
They weighed, empty, 120 tons. The paddle wheels, 28 
feet diameter, were of the plain radial pattern. The 
average performance of the Mississippi under steam 
alone during an aggregate of 30 days was as follows: 
Speed, 7} knots an hour; revolutions, 10°65 per minute ; 
steam pressure, 104¢ pounds; coal consumption, 387 
tons per day. The hull cost $306,683 and the ma- 
chinery $243,571. She was armed with two 10 inch 
smooth bore guns, mounted on pivots, one on each 
bow, and eight 8 inch smooth bores, mounted in broad- 
side abaft the paddle box. The range, penetration, 
ete., of these guns were as follows : 








bite oak at 
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10 im....| 101. {190 Ub. shell.|1,160 f. «| 821 in. | 942 in. | 189 in. | 13°7 in. 
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The above penetration of 33 inches through oak 
would be equal 
to a 

of 38 inches 
through iron. 
This was the max- 
imum _  perform- 
ance of the guns 
of those days. To- 
day the penetra- 
tion at 500 yards 
of the heavy guns 
carried by our 


the growth of 
heavy ordnance. 
At the opening 
of the civil war 
the fleet of sailing 
ships consisted of 
10 ships of the 
line, 10 frigates, 20 
sloops, and a doz- 
en brigs, store 
vessels and re- 
ceiving ships. The 
steam fleet in- 
cluded 7 screw 
frigates built in 
1855, namely, the 
Niagara, of 12 
guns and 4,580 
tons, and 6 of the 
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, 15 guns and 1,446 to 2,450 tons ; 8 second-class screw | 


loops of 3 to 6 guns and 694 to 1,289 tons ; 5 third-class 
orew steamers of 5 to 8 guns and 500 tons ; 4 third-class 
idewheelers of 1 to 3 guns, 450 tons, and 2 screw steam 
onders, making a total of 52 sailing and 36 steam war- 
chips. Considering the magnitude of the conflict and 
-he vast stretch of coast line and rivers upon which it 
vas to be waged, this fleet was altogether inadequate, 
.nd the government strained every nerve by building 
nd by purchase to increase its strength and effieiency. 
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were formed of 20 inches of pine and 4 inches of oak, 
and were covered with two layers of 2 inch iron plating. 

The plates, 8 inches wide, had been rolled at the 
Tredegar Foundry, Richmond, from old iron rails. The 
first layer was placed horizontally and the second verti- 
cally, the whole being secured to the backing by 1% 
inch bolts. The ends.of the casement were rounded, 
and the roof was formed by an iron grating. Her 
armament consisted of two 7 inch rifled guns pivotally 





CUT OF THE CONFEDERATE IRONCLAD MERRIMAC. 


mounted fore and aft on the center line. On the broad- 





Drawn for the SCIENTIFIC AMERICAN from descriptions furnished by a mechanic who assisted in her con- 
struction, and published in the issue of November 9, 1861. Probably the earliest illustration of this vessel. 


How far they succeeded is shown by a government 
inquiry made shortly after the close of the war, which 
showed that since 1861 there had been built by and 
for the navy department the following vessels : 


54 screw sloope Of ........000.-+- 500 to 3,200 tons and 4 to 21 guns. 
$6 double-ended sidewheelers.... 825 “ 974 => §ea * 
8 “ “ “ “ (iron) 1,030 ivy 6“10 “ 
© ONES... .scdéecdbaecksebied’ we 350 « »™= 
B © ...ccccsesousneebeleasces 170 2 8% 
2 seagoing casement tron- 
Clads............. «+++. 5,000 and 3,486 “ t6andis “ 
2 seagoing single turret iron- 
Gall... ssaadieaesstes 3,265 “ 3,088 « ee 
5 double turret ironclads. ... 1,564 = q:* 
4 “ - - oote 970 oF 4 7 
= bate 525 to 1,034 ~ 2“ 
vessels of smaller size and various types. 
In addition to the above there were purchased for the 


navy 497 vessels, ranging in size from 100 to 1,200 tons. 
To this must be added what is known as the “stone 
fleet,” comprising 44 vessels of 300 tons, 12 canal boats 
and 22 schooners ; these were purchased to be filled 
with stone and sunk for the obstruction of channels, 
ete. 

In seeking for the birthplace of the modern battle- 
ship we are carried back to the European war of the 
Crimea in 1854, and the American civil war of afew 
years later. The former gave us the first practical ap- 
plication of side armor ; the latter the first actual test 
of the revolving turret. On October 17, 1855, the French 


contingent of the allied fleet dispatched three armor- | 


plated ships against the Russian forts at Kinburn, and 
after a stubborn resistance, during which “the steady 
clang of the enemy's shot upon the” four inch “ plat- 
ing echoed like the blows of a cyclopean sledge-ham- 
mer,” the forts were silenced, and these little 1,400 ton 
ironclads came out of the fight victorious, and practi- 
cally unharmed. But while it is true that this was the 
first practical test of the ironclad, it is but just to men- 
tion the fact that to Mr. Stevens of New York is due the 
credit of having commenced the construction of an 
armored floating battery in the United States as far 
back as the forties. In 1841 he wrote a letter to the 
Naval Harbor Defense Board, proposing to build a 
warship which should embody the following features— 
an iron hull, inelined side armor, engines and boilers 
below the water line, high pressure steam, the screw 
propeller, and rifled wrought iron guns, loading at the 
breech. This remarkable letter formed the basis of a 
subsequent contract. Limits of space forbid a more 
detailed description of this ship ; but the letter. with 
cuts of the vessel will be published in a subsequent issue 
of the SCIENTIFIC AMERICAN SUPPLEMENT. 

At the outbreak of the civil war the South realized 
that, with its very limited means for naval construetion 
“s compared with the North, it could only hope to pre- 
vail by adopting some speciai type of ship. This con- 
viction led to the reconstruction of the Merrimac, a forty- 
un steam frigate of 3,500 tons. She was partially burnt 
and sunk at the Norfolk navy yard by the United 
“tates officers at the opening of the war, to prevent her 
falling into the hands of the enemy, who subsequently 
raised her, and finding the hull and machinery in good 
order, determined to convert her into a side-armored 
battleship. Her upper works were cut down to the 
water line, and a rectangular casement, with sides in- 


side were two 6 inch rifled guns and six 9 inch smooth- 
bore Dahigren guns. 

Our illustration, which is probably the first represen- 
tation of the Merrimac ever published, was drawn from 
the description of a mechanic who had just come from 
the South, where he had assisted in the reconstruction 
of the ship. It was published before she was at her 
load line, which will account for the fact that she is 
shown with a much higher freeboard than she actually 


The answer of the North to the challenge of the 
South was made in the launch of the turret ship 
Monitor, Ericsson’s famous creation. In her design it 
was sought to produce a ship that should be invulner- 
able, of light draught for operation in the Southern 
harbors, carrying few guns, and that should be 
capable of rapid construction. The most novel and 
epoch-making feature was the placing of the guns with- 
in an armored revolving turret. This was not a new 
idea, but it was the first practical application and test 
of it. Others had already suggested it, but to the United 


thick ; armament, two 


States navy belongs the credit of the successful adop- 
tion of a design, which as far back as the Crimean war 
had been offered by Ericsson to the Emperor Napoleon, 
and rejected in favor of broadside plating. 

The Monitor was built in 118 days. She was of 1000 
tons displacement ; 172 feet long, 414¢ feet beam, and 
drew 104 feet of water. Her deck was plated with 1 
inch, and her sides, which overhung the hull proper, 
with 5 inches of iron, her freeboard being only 2 feet. 
The turret was 20 feet diameter, inside, by 9 feet high, 





clined about 35 degrees, was built amidships. The sides 





and revolved, not, as is the practice now, upon peri- 


THE FEDERAL. IRONCLAD MONITOR, 1861. 
Displacement, 1,000 tons ; length, 172 feet ; breadth, 414¢ feet; draught, 104 feet ; armor on turret, 8 inches 


rollers, but upon a central pivot within the 
ship’s hull. It was protected by eight one inch iron 
plates, and the armament consisted of two 1! inch Dahl- 
gren smooth bores. Forward of the turret was an iron 
pilot house 4 feet high covered with a 2inch plate. The 
deck was pierced by two square smoke stacks and two 
blow holes. In the face of a storm of adverse criticism 
and prediction of disaster, the Monitor was completed 
and launched and dispatched to Southern waters. None 
too soon did she appear on the scene. The Merrimac 
was already at her work of destruction, and in one day, 
March 8, 1862, she had engaged three Northern ships of 
from thirty to fifty guns, in Hampton Roads, and ad- 
ministered a crushing defeat, receiving but little hurt 
herself. On the evening of the same day the Monitor 
steamed into the harbor, and on the day following was 
fought one of the most memorable due!s of history. 
The story of the fight is too well known for repetition. 


glancing from the former, and inflicting but little dam 
age. The Monitor fired once every 7 minutes, the Merri 
mac once every 15 minutes. The superior turning power 
of the Monitor and the wide are of fire through which 
she could use her guns proved a greatadvantage. The 
failure of either ship to inflict serious injury upon the 
other, however, was due largely to the fact that the 
Monitor was using light charges, lighter than was neces- 
sary, in her 11 inch guns, and the Merrimac was without 
solid shot. 

The effect of the Monitor and her successors upon 
naval construction was far reaching, and showed itself 
in the general adoption of the turret by the navies of 
the world. It may without exaggeration be said that this 
little vessel was the father of the modern battleship, 
whether it be a Massachusetts, a Majestic, or a Charie- 
magne. 

Equally valuable were the lessons of the war in rela- 
tion to all matters of sea coast and river defense. Onc 
of the first encounters took place at New Orleans, when 
Farragut forced his way past the forts and through a 
strong boom and captured the city. It was a bold 
stroke on the part of the Northern admiral, for it was 
considered in those days that stone forts such as those 
below New Orleans were sufficient to bar the passage 
of a stronger fleet than that possessed by Farragut 
The forts, however, were indifferently armed with old 
pattern 8 and 10 inch guns, and would undoubtedly 
have rendered a better account of themselves if better 
armed and manned. There were 17 ships in the fleet, 
mounting in all 192 guns. The same feat was repeated 
two years later at Mobile, when the fleet forced its way 
through a line of torpedo defenses under the concentrat 
ed fire of Fort Morgan. On both oceasions the value of 
extemporized side armor was proved, and in these early 
days of the contest between gun and armor, the ad- 
vantage lay with the armor. On the other hand, the 
early actions off Charleston, and particularly against 
Fort Sumter, were a triumph for the forts, On this 
occasion the fleet under Dupont, the Northern com- 








11 inch smooth bores. 


mander, consisted of nine ironclads, mounting in ali 
seven 15 inch, twenty-two 11 inch and two 80 pounder 
smooth bores, with three 150 pounder rifled guns. The 
forts mounted ten 10 inch, nineteen 8 inch, and eight- 
teen 32 pounder smooth bores, with ten 10 inch mortars, 
two 8 inch, seven 42 pounder and eight 32 pounder 
rifled guns, or 74 guns in all. The ironclad fleet con- 
centrated its fire upon Fort Sumter, and bombarded it 
for an hour, but “the 15 inch sheils which were to have 
blown.in the masonry of Fort Sumter did nothing of 
the kind.” One 10 inch gun was temporarily disabled, 





It proved the superiority of armor to shot, the latter | 
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ene 8 inch gun burst, seven men were wounded and 
In the fleet the Keokuk was sunk, and the 


une killed. 





lated experience of the past four years, and the ships of 
the new navy in which it was embodied, were laid open 


other ships were hit from thirty-five to sixty times, with | as a kind of reference library or school of instruction 
temporary disablement of guns and turrets, though the | for the world at large. Foreign 1 .val constructors were 
damage was on the whole slight, considering the hail of | not slow to learn therein ; and the student of naval pro- 


heavy projectiles. 
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VERTICAL OR “FEATHERING” PADDLE WHEELS OF 
WATER WITCH THE SECOND. 


THE 


First of this type to be used in the navy, 1853. 


show that the coast defense fortifications of those days 
were proof against the attack of battleships, though a 
later attack on Sumter with Parrott rifles, it is true, 


was more destructive. 


ments in artillery since the war are favorable to the 
modern fort, inasmuch as the enormous weight of the 


offers no objection to their emplacement within land 


fortifications 


Before passing on to the present decade mention must 
be made of the destructive work of the Confederate crui- 


sers 


navies is due 


swept the American merchant marine from the high 
seas, and hed it not been for its fleet of swift blockade 
runners, the South would have collapsed many months 
before the final capitulation actually took place. 

At the close of the war silence fell upon the busy dock- 


yards of the navy 


The story of the ravages of the Alabama and her 
final sinking by the Kearsarge is weil known ; and it is 
largely to the striking snccess of this ship that the large 
percentage of swift, lightly armed cruisers in modern 


The failure of this attack seems to! gress must cross the water if he would follow the devel- 
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unbroken for the next twenty years. 
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Designed oy the Bureau ot Steam Engineering, 1849. Charles H. Haswell, 
Company, Norfolk, Va. Horse power, 


per horse power, 972 pounds. 








ENGINE OF U. & 5. POWHATAN. 


Engineer-in-Chief. Built by A. Mehaffy & 
1,172; steam pressure, 15 pounds ; total weight of machinery, 608 tons; weight 45 tons; weight per horse power, 56 
pounds. 





[Jury 25, 1896. 





opment of ships, guns, and armor during the next two 
decades. As the British navy stands at the front dur- 
ing this interim, both in constructional developments 
and numerical strength, it will be sufficient to show the 
advance approximately by quoting the details of par- 
ticular ships of this navy. 


(See table below.) 


PNEUMATIC DISAPPEARING GUN CARRIAGE FOR COAST DEFENSE. 
Invented by Captain James B. Eads in 1872. 


The interval from 1865 to 1885 had also seen the 
launching of the Esmeralda, the first of the modera 
cruiser type, and the development of the automobile 
torpedo and the torpedo boat, with a host of minor 
but important devices for increasing the destructive. 
ness of naval warfare. 

Toward the close of this period the United States 
awoke to the fact that, in the modern sense of the term, 
they were practically without a navy, and Congress 
made a modest start in the construction of one by 
authorizing, in 1883, the building of three protected 
cruisers, the Atlanta and Boston, single screw ships, of 
3,000 tons displacement and 15°6 knots speed, and the 
Chicago, of 4,500 tons and 15°1 knots; the armament 
consisting of 6 and 8 inch breech-loading rifled guns. 
The work of creating a modern navy has gone forward 
steadily ever since, and the story of its growth and suc- 
cess is epitomized in the table on the next page. 

Bearing in mind how thoroughly up to date are the var- 
ious war ships in this tabulation, it is a most creditable 
showing, and in many respects the new navy is uniqus 
among the navies of the world. Compared with the 
ships of other nations, upon a basis of displacement, 





ENGINE OF U. & TORPEDO BOAT 
Ko, 2. 


Designed by the Bureau of Steam En- 
gineering, 1891. George W. Melville, 
Engineer-in-Chief. Built by Iowa 
Iron Works, Dubuque, Iowa. Horse 
power, 1,800 ; steam pressure, 250 
pounds ; total weight of machinery, 


1849—ILLUSTRATION SHOWING THE ADVANCEMENT IN MARINE ENGINEERING—1891, 
(The two engines are drawn to the same scale, so that the drawings show the relative sizes.) 








THE NEW UNITED STATES NAVY. 
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OPE, .ceccceccces eeeeess esee+s> 1887 “ 1,70 16°8 a: i. = 66 © . “ 
New York... 1888 Armored cruiser. 820 | 21-00 : 4*"B © oom. BS ee ae * 
( ipia 2090 cee cneee Gene. 0008 cos ace 1888 (Protected bed 5,870 21°78 s«« 434 “ “ 18 os 35 am 
Cincinmath..es ose sendeccsos-onsecce 1888 bad “ 3.213 19°00 i“ “mY « iJ Ob 7 rifle. 
Detroit cn aneecteeteew@@eweereerenes 1888 (Cruiser. 2,089 #71 “ « rn “ 9n« “ os 
Marblehead. ..cccoe «ceerercceneress 1888 ? “4 2,089 864 . « “ “ 95* “ “ 
Moi QOMOPY .. 5. cceetercee csv eceeeeee LS88 * 2,089 19°06 “i. “ “ ' ° b 7 » . 
Raleigh..ccccscseee  +eeereessesersss 1888 = Protected cruiser. 8,213 19°00 1 aoe % ee Py 110 “x - _ 
Bancrolt. .ccocce ses0000es Gos: ccneces 1888 St) 4°37 “ue AY 44"*RF * 
Kotab@ie ..< cate dies oane sen astsrotn 1889 | Harbor ram. 2,155 16°25 g sage 4 ior F. 
Castine. .. se. éidntee . oviidbiadeatae 1889 |Guanboat, 1177 16°08 « o 84 F. 
Machias .. ..cccsceccessaces © sesenee 1889 |Gunboat. 1177 5 2 ” if m8 eae i 
Indians ....cccsieesan «ebebeeseenb) ans 1890 (Coastline battleship. 10,288 15°55 6“*“g@ & ° = n ‘ 
Massachusett® ... 0 ...cseseessessens 1890 * Sad sad wb do. do. 
OTeZOD .. .oscecceee «nee seseceecoesers 1890 e ° a 16°78 do. — ont ene 
Columbia, .....00-<seeeseeeees pe eses 1880 | Protected cruiser. 7,375 22°8 mF es. * bad ; 2 ’ “ R. F. rifles. 
7 oe ee oe 
Ericason . ... .ccscecesessesoocs ee 1899 /|'Torpedo boat. 120 ere. Ore H Tag +. i 
Minneapolis. ..,..--.20+ss0ee0-0 se... | 1891 [Protected cruiser. 7,875 | OT) age 4g 4 & } 2 6 RF. rifles 
42“ BL 
lowa ccoccoscose 0660080004 c08808 1892 Seagoing battleship. 11,410 16°00 6 * “5 “ 8 g* mi 2 
BrooklyD.... .00s e+ eveceses 1882 | Armored cruiser. gen pmo ise org . see ke & 
Three Helena type. eases 1893 |Gunboats. 1a | 00) ate 3 «| 84% 
Submarine boat........ ie 1898 /Torpedo boat. th e., .4 Ree 2 torpedo tubes. 
Nos. & dand 5... ..ctsvies “ebeshene 1804 Fa ye Deane { PY gt SAN ng 
418 B.L. rifles. 
Kearearge........0cee eececescoeececes 1895 |Seagoing battleship. 1,52 | 16°00); 9 ““17 « : be - 2 - 
Kentacky.......<soiadieeeal nie 1895 “ “ 11,525 | 16°00 [ do. P a 
Six guabeatt......ccsadduenbe coc .ceas 1885 /Gunboats. 1,000 64 a ~~ © 
Nes, 6 7 and &. ...::cnmpeeiihassseecs 1895 [Torpedo boats. 190 knee ree : ty 4 “_ gune. 
Three battleships. .....ssesscecess. ++: 1896 | Battleships. 000 16°00 Similar to Kearsarge. | tw ueeeee 
Nos & Send fl...) ceemcen oer jase |Piret-cias torpedo boats, | | 35-00 ee. 
Nos. 18—16 .  . 0. <<a 1896 |Second class torpedo boats..| ... .. Se D2) = wowep ees +e 
Note 1. To this list must be added the four completed monitors of the Miantonomoh type, and the Puritan. 
Note 2. Where not specified as deck armor the dimensions relate to side and turret armor. 


they are certainly in many respects greatly superior. 
That is to say, size for size, they are faster, more heav- 
ily armed and armored, and better protected. The 
Massachusetts, as a battleship; the Brooklyn, as an 
armored cruiser; and the Minneapolis, as a protected 
cruiser, are relatively unmatehed by anything afloat to- 
day. The following table shows the increase in fighting 


power of the individual ship in the past fifty years : 











Dis- 

Tons, 
Mississippi. 1846 733 none 
Massachusetts! 1896 | | 16°15 /|18 in. steel. 














224 Ib. | 3 in. at 500 
5,724 Ib. | 30 in. at 500 








yas. 





Equally remarkable has been the improvement in 
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engines and boilers ; indeed, it may safely be said that 
the development of the marine engine, both in the 
merchant marine and in the navy, has been the most 
potent factor in bringing the steam engiae up to its 
present high standard of efficiency. The necessity of 
keeping down the size of war ships, coupled with the 
high speed required, and the ali too scanty space allot- 
ted to engines and boilers, have led the marine engineer 
to bend every energy to the reduction of weight, anc 
the increase of efficiency. What was merely desirable 
on land was absolutely imperative on the seas, and 
hence the marine engine has usually led the way in the 
improvement of steam machinery. The compound 
engine, with its higher pressures and wider range of 
expansion ; the triple and then quadruple expansion 
engine—a further advance upon the same line; the 
larger use of steel in construction of engines and boil 
ers; the extended use of water tube boilers; forced 
draught ; and many other advanced forms of steam 
engine practice, were early utilized and improved by 
the naval engineer. The accompanying illustration of 
the engines of the Powhatan, 1849, and the Ericsson, 
1891, for which we are indebted to the present Engineer- 
in-Chief of the Navy, George W. Melville, shows very 
graphically the decrease in bulk and the increase in 
power of the marine engine. While steam prossure has 
increased from 15 to 250 pounds, and the revolutions 
per minute from 14 in the paddle steamer to 412 in the 
screw steamer, the weight of machinery per horse 
power has decreased from 972 to 56 pounds ! 

The development of guns and armor during the past 
half century has fully kept pace with the advance in 
ships and engines. In 1846 the guns were cast iron smooth 
bores, firing spherical projectiles at low velocities ; and 
for armor the ships relied upon great thickness of wood. 
The cast iron Columbiads ranged in size from the 8 
inch, 44% ton gun, to the 20 inch, 5744 ton gun, the 
former throwing a 68 pound, the latter a 1,000 pound 
projectile. The year 1860 saw the commencement of 
the manufacture of the celebrated Parrott. gun, which 
was destined to play such an important part in the 
war. In this gun were introduced the two clements of 
reinforcement and rifling, the body of the gun being of 
east iron, with a wrought iron hoop shrunk on over the 
breech. They were very formidable weapons, an 8 inch 
rifle having, in 1865, thrown a 52% pound shell, 
with an initial velocity of 1,809 feet per second, 
thereby establishing a claim for the Parrott as ‘the 
most formidable service gun extant” at that time. 
After the war there was twenty years of stagnation, sim- 
ilar to that in the navy, in the matter of ordnance and 
coast defense, and in 1885, the brick and stone forts of 
1860-65, surmounted by antiquated stnooth bores and 
Parrott rifles, were all the defense which the nation 
could offer in the event of attack by the powerful 
artillery of a foreign power. In that year a complete 
investigation of the defenseless condition of our va- 
rious seacoast cities was made by what is known as 
the Endicott Board, who reported that to put the 
coastline in a state of thorough defense would require 
the expenditure of about $100,000,000 for guns and 
forts. The recommendations of this board, modified t 














THE KEARSARGE, 1296; SEA-GOING BATTLESHIP. 


isplacement, 11,825 tons; speed (proposed), 16 knots ; material of construction, steel ; type, 


superimposed turret and rapid-fire broadside ; armor, 9 inches to 17 inches, 


Harvey steel ; armament, four 18 inch and four 8 inch breech-loading rifles ; fourteen 6 inch rapid-fire guns; thirty smaller rapid-fire guns ; five torpedo tubes, 
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meet the present requirements, 
would call for the mounting of 
abont 1.500 modern guns and mor- 
tare of from 8 inch to 16 inch cali- 
ber, and 260 rapid fire guns. At the 
present writing New York, San 
Francisco and Boston have between 
them some 30 to ® modern guns 
and mortars mounted in place ; and 
including the sum voted at the close 
of the Congress of 1895-96, about 20 
per cent of the necessary sum has 
been appropriated. The accompa- 
nying diagram of a modern United 
States 8 inch rifle may be taken as 
typical of the guns which will be 
mounted in the proposed system of 
coast defense it is an all-steel, 
built-up hooped gun, with a breech 
loading mechanism of special pat 
term, and great facility of manipu 
lation. This comparative diagram, 
together with the comparative table 
of the 8 inch guns of the Missis 
sippi and the Massachusetts, show 
the growth in size and power during 
fifty years. It is only during the 
past few years that the manufacture 
of modern armor has been under 
taken in the United States, yet we 
have easily moved to the front place 
by the introduction of the Harvey 
system of face-hardened armor, by 
means of which the resisting power 
of a plate is increased some 50 per 
cent. Already our makers are fill 
ing important orders for European 
navies, and the English Admiralty 
have adopted a modified form of the 
system in preference to any other for 
all ships now building and planned 
—— eee 
FIFTY YEARS IN THE PRINTING 
BUSINESS. 

The far more general dissemina 
tion of intelligence, the rapid and 
efficient means of intercommuni 














THE FRANKLIN HAND PRESS IN THE NATIONAL MUSEUM WASHINGTON. 


cation between all parts of the 
world, with the cheapening and 
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as a Ramage press, and it was used 
by Benjamin Franklin in London in 
1725. The press is constructed al- 
most entirely out of wood, though 
iron was subsequently used in many 
of the parts. On the clumsy frame 
the great statesman has left the 
marks of his inky fingers. It is now 
in the National Museum, at Wash- 
ington. In the early part of the 
present century Earl Stanhope in- 
vented a press made entirely of iron, 
the frame being cast in a single 
piece. The power was applied by 
a combination toggle joint and lever. 
The Columbian press was invented 
by a Philadelphian in 1817. The 
power was applied by a compound 
lever. In 1829 the Washington press 
of Samuel Rust was introduced, and 
many improvements were intro- 
duced in inking, and later a self- 
inking device was invented. The 
first power press produced in Ame- 
rica was that of Daniel Treadwell, 
of Boston, in 1822. The Adams 
press was invented in 1830, and has 
superseded all other platen presses, 
the impression being given by rais- 
ing the bed upon which the form 
rests against a stationary platen. 
The first attempt to make a rotary 
press was that of Friedrich K5nig, 
in 1814. In this the type mover 
horizontally, and it could give 1,8h 
impressions per hour. 

The first great step toward facili- 
tating the rapid and cheap produc- 
tion of the modern newspaper was 
made by Col. Robert Hoe, of New 
York, about 1840, when the first of 
the type-revolving presses was built. 
At about the same time a type- 
revolving press on materially dif- 
ferent lines, the Applegath ma- 
chine, was brought into practical 
use in England. This machine 
was first employed by the London 
Times in 1848. In the Applegath 








broadening of all edaeational facilities, constitute, |¢heap literature and which more properly belong to| machine the typeholding cylinder revolved on vertical 
perhaps, the most notable feature of the progress of | the epoch we are considering. axes, and the machine eould print about 12,000 single 
the world during the past half century, and the one The press shown in the engraving is what is known | sheets on one side in an hour. In the Hoe machine the 


most vitally con 


type cylinder re- 








tributing to the 
auceess of all our 
great industries 

the perfection and 
iatroduection of 
most of the 
world’s great in 
ventions. The 
printing press has 
been the great dis 
seminator of 
knowledge, the i 
cheap educator of 
the people Asa 
promoter of its 
efficiency the elec- 


performed most 2 ~ 
splendid service, } . oll 
finding therein its 


earliest efficient | 
support, and an hon 4 
‘ 


il: i 


array of inventors J mn 
y , . ‘ft i 


have found a pro- 
fitable field in the 
numerous devices 
which contribute 
to the pe rfeetion 
of the printing 
press of to-day or 
add to its ability 
to most promptly 
and cheaply serve 
the largest nom 
ber of readers. In 
the development 
of the printing art 
in the United 
States the name of 
Franklin will ever 
be memorable. so 
that it is most fit 
ting that we 
should illustrate 
Franklin's own 
press hefore re- 
viewing the great 
inventions which 
contributed so 





volved on a hori- 
zontal axis. This 
arrangement for 
feeding the sheets 
was more simple, 
and the capacity 
of the press varied 
according to the 
number of impres- 
sion cylinders ar- 
ranged around the 
type cylinder, 
these presses be- 
ing successively 
made with four, 
six, eight, and ten 
impression cylin- 
ders, respectively. 
A four-cylinder 
press of this kind 
was built for the 
Philadelphia Led- 
ger in 1845. The 
first eight-cylin- 
der press was 
built for the New 
York Sun in 1850, 
and the first ten- 
eylinder press for 
the New York 
Herald in 1857. 
Our engraving 
shows the eight- 
cylinder Hoe press 
of 1850 as furnish- 
ed to the New 
York Sun office. 
The average ca- 
‘pacity of the 
presses was 2,000 
single sheets per 
hour per cylinder, 
or 20,000 sheets per 
hour, on one side, 
on the largest 
press, the ten-cyl- 
inder. These: 
presses were 37 
feet long, 18 feet 





largely to the BIGHT CYLINDER HOE PRESS OF 1850 USED In PRINTING THE NEW YORK SUN high, and 21 feet 


dissemination of Capacity, 20,000 per hour. Reproduced from an early print in the SctgNTIFIC AMERICAN. 


wide, and were 
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riful pieces of mechanism to look at in full opera- 
is all their working parts could be seen to ad-| 
ve, the ten feeders, five on each side, supplying | 
heets, which traveled on tapes to and around an | 
«sion eylinder, the latter pressing the paper | 
st the inked type, which was held on the large 
al revolving cylinder. Between each two impres- 
.vlinders the type passed under inking roilers, and 
iaper printed upon was passed back by tapes to 
ery boards, each revolution of the main cylinder 
.e ten-eylinder press thus printing ten separate 
s of paper. 
great advance thus effected upon all previous 
: of fast newspaper printing was deemed one of 
chest triumphs of mechanical genius during the 
. from 1850 to 1860, but this success was entirely 
the lines established by the presses at work in 
Still faster work was, however, imperatively de- 





. 


d for newspapers, which publishers were enabled ' 





passing through the press. In its largest size, the octu- 
ple machine, of which but one has yet been placed in 
operation, this press prints, folds, and counts 96,000 
complete eight-page papers per hour, or 48,000 sixteen- 
page papers, the size of the page being that of the ordi- 
nary daily newspaper. The press has eight plate or 
impression cylinders, there being eight stereotype plates 
or pages on each cylinder, and the paper of double 
width is fed from four independent rolls, 73 inches wide, 
one side being printed upon as the paper passes over 
the set of stereotype pages on one cylinder and the 
other side being printed upon as it passes over the 
plates of another cylinder. The paper rushes through 
the cylinders at a speed of thirty-two and one-half 
miles an hour, the several sheets being separated and 
folded, and passed out of the press with accuracy and 
precision. The entire work is automatically performed, 
after the press is once started, but it requires the active 


d, to meet the enormous increase in the public! labor of ten men and boys to operate it and to remove | 


the folded sheets as fast as they are printed. 
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Adams press was, until a much later period, cousidered 
the most excellent of all presses for book work, It had 
a flat bed and platen, the impression was even and the 
distribution of the ink most perfect, but its speed was 
only about 1,000 impressions an hour. There are now 
less than ten manufacturers of printing presses in 
the United States, making the presses commonly used 
in book and job printing offices, and for newspapers 
having but a limited circulation. In these presses the 
type forms are placed on a flat bed which reciprocates 
under a cylinder around which the paper is carried to 
receive its impression, this style of press allowing for 
the most even inking of the forms as they pass un- 
der horizontally arranged rollers. Among presses of 
this description which were early in the field, and have 
attained a wide use, have been, besides the presses made 
by R. Hoe & Company, the A. B. Taylor, the Campbell, 
the Cottrell, the Potter and the Babeock. An objec 








tion to the use of these presses for book work was at 
first found in the fact that the stereotype plates were 














THE HOE OCTUPLE PRESS OF 








THE NEW YORK WORLD. 


Capacity, 96,000 per hour, or 1,600 every minute. The paper travels through the press at the rate of 324¢ miles an hour. The paper is printed, pasted. cut, folded, 


‘nore easily to furnish at reduced prices, when the sub- 


connection with the next great advance in fast printing, | 
that all promptly issued editions of newspapers, prior | 
‘0 1860, were printed from the type forms direct. To | 
ake stereotype plates with sufficient expedition for | 
the requirements of newspaper work had not, before 
‘hat time, been considered practicable, but this diffi- 
“lily Was removed in 1861 by the employment of a 
‘10 bed to dry a novel style of papier mache matrix, 

‘ nould, which could be conveniently used for making 
“eotype reproductions of the type pages, in the form 
plates to fit around cylinders. At first it required 

. an hour to make a single plate, but now a plate is 

‘ec in about seven minutes, and half a dozen dupli- 
“'es of the same plate can be made in fifteen minutes. 
‘''S Taade possible the modern “ perfecting” press, 80 
led beeause both sides of the paper are printed in 








and counted automatically. 


We illustrate one of these presses, which is now in liable to be broken by the great pressure brought to 
stitution of wood pulp for rags had greatly lessened the | operation in the printing room of the New York World. | bear upon them by the impression cylinder, but this 
cost of paper. But it is of primary importance to note, in | The two others will also be placed in position as soon as| objection was overcome by the introduction, about 


completed. The presses are 14 feet high and 25 feet 
long. The machine delivers the papers counted out in 
bundles of twenty-five. When all three presses are in- 
stalled, they will be able to print each hour 748,000 


| eight-page sheets, or an equivalent of an output of 


over 42 tons of printed matter per hour. 

Besides, however, the improvements which have been 
made to facilitate the printing of the daily newspaper, 
there has been equally marked progress during the past 
fifty years in bettering the appliances for the printing 
of books, magazines, and illustrated newspapers. In 
1887, Messrs. Harper & Brother, the great New York 
publishers, had in use thirty-seven hand presses and 
but one machine press, and between 1840 and 1855 two 
kinds of presses had almost the exclusive sale in the 
American market, the Adams and the Hoe. The 





1850, of electrotyping, whereby much better and 
stronger plates could be made. 

In noting the great size of the newspaper of the 
present day, the large amount of reading matter daily 
presented, one other agency has also had a most im 
portant influence, namely, the typesetting machine 
It is probable that in no other line of effort have so 
many inventors labored as in that of making an effi 
cient typesetting machine, and so far has success been 
attained that in most of the large newspaper offices of 
the country typesetting machines are’ now employed. 
Among such machines may be mentioned the Alden, 
the Thorne, the Paige, the McMillan, the Rogers, and 
the Mergenthaler. The latter sets and casts type lines, 
and was fully illustrated and described in the Scren- 
TIFIC AMERICAN of January 13, 1894. 
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THE PRIZE ESSAY OF OUR SEMI-CENTENNIAL 
ANNIVERSARY NUMBER. 

We take much pleasure in announcing that the win 
ning essay in our prize competition on the subject of the 
progress of invention during the past fifty years was 
written by Mr. Edward W. Byrn, of Washington, D. C. 

The names of the writers of the five next best essays, 
to be published in subsequent issues of the SCIENTIFIC 
AMERICAN SUPPLEMENT, are as follows: Edmund 
Becker, Washington, D. C.; George M. Hopkins, 
Brooklyn, N. Y.; Gardner D. Hiseox, New York City ; 
Frederic de Garis, Patchogue, Long Island, and A. M. 
Farlow, Barlow, Ohio. 

When our readers learn that the successful essay 
was closely pressed for first place by many of its com- 
petitors, they will understand that the competition, 
taken as a whole, was of an exceptionally high order. 
As compared with the half dozen essays which head 
the list, the balance of the manuscripts are rated by the 
judges at a high standard, and we may say that there 
are few that lapse into mere mediocrity. 

This result is particularly creditable to the competi- 
tors, and especially so, when we bear in mind the 
great breadth of the subject and the amount of care- 
ful research that was necessary to its ample but dis- 
criminating treatment. We were guided in our selec- 
tion of this subject as much by the fact that to handle 
it suecessfully would involve many hours of careful 
preliminary reading, as by the fact that it was specially 
appropriate to a semi-centennial number. The result 
hae fully justified our expectations, and our readers 
will find that the winning essay, which we publish 
io the adjoining columns, and those which will follow 
in consecutive numbers of the SCIENTIFIC AMERICAN 
SuPPLEMENT, bear the internal evidence of careful and 
systematic research 

The presence of college students among the competi- 
tors calls for mention of the faet that the proximity of 
the summer examinations has shut out many college 
men from this competition; and the efforts of those who 
dic send in their essays call for a word of special re- 
cognition 

It is an interesting fact, worthy of record here, that 
the interest in the competition was not confined to 
America, but that it brought some etcelleht. MSS. to 
this office from different quarters of the globe. Any 
further discussion of the merits of the essays can best 
be given in the words of Judge A. P. Greeley, of the Pa- 
tent Office, Washington, who, in forwarding his report, 
says: *' Many of those which I have placed somewhat 
low on the list are of decided merit, and only fail of 
higher rating because of failure to cover the broad field 
of invention. Some of them show a remarkably full 
and accurate knowledge on particular lines, without 
the broad grasp of the whole field. 

“[ have been mmch interested in these essays. 
They a widespread knowledge and ap- 
preciation of the progress that has been made in the 
last fifty years. It has been by no means easy to deter- 
mine the best one of the half dozen or more at the top 
of the list; bat the selection I have made is the result 
of eareful consideratiwn, and is my best judgment in 
the matter.” 

The result of the vote on the question as to what in- 
vention introdaced during the past fifty years has con- 
ferred the greatest benefit upon mankind places 
Bessemer Stee! in the place of honor. Then come the 
Telephone and the Telegraph—though we think the 
relative order of these two should more justly be in- 
verted. Following these come the Sewing Machine, 
Reaper, the Electric Light, the Electric Motor, 
the Bicycle, the Grain Binder and the Westinghouse 
Air Brake There were several miscellaneous votes, 
which we cannot give in detail; but our readers will 
pardon our mentioning with all modesty that not a 
few correspondents wrote that the ScIENTIFIC AMERI- 
CAN has conferred the greatest benefit upon mankind. 
While we cannot agree with this opinion, we appreciate 
highly the kind feeling which prompts the sentiment. 

In the course of the past fifty years expressions of 
good will like this have been by no means infrequent ; 
and we enter upon the second half century of our 
journalistic life with the confidence that these cordial 
relations between ourselves and our subscribers will 
strengthen as the years go by. 

ur cordial thanks are due to Judge A. P. Greeley, 
of the Patent Office, Washington: Prof. R. H. Thurs- 
ton, of Cornell University; and Prof. R. 8. Wood- 
ward, of Columbia University, for the valuable ser- 
viee they have rendered in acting as a jury in the 
above competition. It would be difficult to find three 
gentlemen whose time is more fully oceupicd ; and 
that they should have taken in hand just now a mat- 
ter involving so much careful attention places both 
ourselves and our readers under a debt of obligation 
which we take this opportanity to acknowledge. 
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$250 PRIZE ESSAY COMPETITION. 
THE AWARD. 
Editor SCIENTIFIC AMERICAN : 

Dear Sir: Having completed our examination of the 
essays on the subject of “The Progress of Invention 
During the Past Fifty Years,” we beg to announce that 
the essay receiving the highest average rating was writ- 
ten by ‘ Beta,” who, on opening the sealed envelope 
accompanying the manuscript, was found to be Mr. 
Edward W. Byrn, of Washington, D. C. To him, 
therefore, the prize of $250 should be awarded. The 
names and addresses of the five authors receiving the 
next highest average ratings are given in order below. 
It remains only to add that each member of the com- 
mittee examined the essays independently, marking 
them on a seale of 100, and that the average of the three 
independent ratings was taken in each case for the final 
rating of an essay. 

* Liberty,” Edmund Becker, office of Lighthouse 
Board, Treasury Department, Washington, D. C. 
“investigator,” George M. Hopkins, Brooklyn, N. Y. 
“Semper Fidelis,” Gardner D. Hiscox, XN. City. 
‘““Verbum Sap. LI,” Frederic de Garis, 2, 
Long Island, N. Y. 
‘* A. Malcom,” A. M. Farlow, Barlow, O. 
Very truly yours, 
R. H. Tuurston, Cornell University. 
A. P. GREELEY, U. 8. Patent Office. - 
R. 8. Woopwarp, Columbia Univ. 
Committee. 


THE PROGRESS OF INVENTION DURING THE PAST 
FIFTY YEARS. ~— 
PRIZE EssAY BY “BETA” (EDWARD W. BYRN, A.M.) 

If the life of man be threescore years and ten, fifty 
years will about mark the span of ripe manhood's busy 
labor, and the sage of to-day, turning back the pages 
of memory, may, as the times pass in review, enjoy the 
rare privilege of personal observation of, direct contact 
with, and positive knowledge concerning the events of 
this prolific period. To him what a vista it must pre- 
sent ; what a convergence of the perspective ; for the 
past fifty years represents an epoch of invention and 
progress unique in the history of the world. It is some- 
thing more than a merely normal growth or natural de- 
velopment. It has been a gigantic tidal wave of human 
ingenuity and resource, sp stupendous in its magnitude, 
so complex in its diversity, so profound in its thought, 
so fruitful in its wealth, so-heneficent in its results, that 
the mind is strained and embarrassed in its effort to ex- 
pand to a full appreciation. of it. Indeed,.the period 
seems agrand climax of discovery, rather than’ afi in- 
erement of growth. It has been « splendid, brilliant 
campaign of brains and energy, rising to the highest 
achievement amid the most fertile resources, and con- 
ducted by the strongest and best equipment of modern 
thought and modern strength. 

The great works of the ancients are in thé main mere 
monuments of the patient manual labor of myriads of 
workers, and can only rank with the buildings of 
the diatom and coral insect. Not so .with modern 
achievement. This last half century has been pecu- 
liarly an age of ideas and conservation of energy, ma- 
terialized in practical embodiment as labor-saving 
inventions, often the preduct of @ single mind, and 
partaking of the sacred quality of creation. 

The old word of creation is, that God breathed into 
the clay the breath of life. In the new world of in- 
vention mind has breathed into matter, ‘and a new and 
expanding creation unfolds itself. The speculative 
philosophy of the past is but a too empty consolation 
for short-lived, busy man, and, seeing with The eye of 
science the possibilities of matter, he has touched it 
with the divine breath of thought and made a new 
world. 

It is so easy to lose sight of the wonderful, when once 
familiar with it, that we usually fail to give the full 
measure of positive appreciation to the great things of 
this great age. They burst upon our vision at first like 
flashing meteors ; we marvel at them for a little while, 
and then we accept them as facts, which soon become 
so commonplace and so fused into the common life as 
to be only noticed by their omission. 

Perhaps, then, it will serve a better purpose to con- 
trast the present conditions with those existing fifty 
years ago. Reverse the engine of progress, and let us 
run fifty years into the past, and practically we have 
taken from us the telegraph, the sewing machine, the 
bicycle, the reaper and vulcanized rubber goods. We 
see no telephone, no cable nor electric railways, no elec- 
trie light, no photo-engraving, no photo-lithographing 
nor snapshot camera, no gas engine, no web perfecting 
printing press, no practical woodworking machinery 
nor great furniture stores, no passenger elevator, no as- 
phalt pavement, no steam fire engine, no triple expan- 
sion steam engine, no Giffard injector, no celluloid, no 
barbed wire fence, no time lock for safes, no self-bind- 
ing harvester, no oil nor gas wells, no ice machines nor 
cold storage. We lose the phonograph and graphophone, 
air engines, stem winding watches, cash registers and 
eash carriers, the great suspension bridges, iron frame 
buildings, monitors and heavy ironclads, revolvers, 
torpedoes, magazine guns and Gatling guns, linotype 
machines, all practical typewriters, all pasteurizing, 











knowledge of microbes or disease germs, and sanitary 
plumbing, water gas, soda water fountains, air brakes, 
coal tar dyes and medicines, nitro-glycerine, dynamite 
and guncotton, dynamo electric machines, aluminum 
ware, electric locomotives, Bessemer steel, with its won- 
derful developments, ocean cables, etc. The negative 
conditions of that period extend into such an appalling 
void that we stop short, shrinking from the thought of 
what it would mean to modern civilization to eliminate 
from its life these potent factors of its existence. 

As the issue of patents in this country is based upon 
novelty, it will aid us in the effort to appreciate this 
great movement to note the increase of United States 
patents in the past fifty years. Beginning in 1846, and 
dividing the time into periods of five years, the increase 
is shown most graphically in the scaled diagram No. 1. 

If the growth of United States patents and the pro- 
gress of the last half century can be taken as fairly cor- 
related, what an insignificant thing is the little atten- 
uated triangle back of 1846 compared with the swelling 
curves of the later period! It is probably safe to say 
that fully nine-tenths of all the material riches and 
physical comforts of to-day have grown into existence 
in the past fifty years. 

It is interesting to observe how closely the grant of 
patents and the prosperity of the country are related. 
Referring to scaled diagram No. 2, the zigzag line marks 
the increase or decrease in the patents issued from year 
to year. Wenote the depression of the civil war, fol- 
lowed by the rapid reaction and growth of reconstruc- 
tion. Again, the depression caused by the financial 
panic of 1878, and again in 1876, the unsettled and dan- 
gerous condition of politics incident to the contested 
presidential election. This was followed by another 
wave of prosperity, indented with depressions in the 
presidential election years, while the stringency of the 
times from 1890 to 1894 shows a marked influence in the 
corresponding depression in the line, all of which indi- 
cates a most sympathetic relation. 

Passing now to the chronological development of the 
period, Morse had just harnessed the most elusive steed 
of all Nature’s forces, and put it in the permanent ser- 
vice of man; when nitro-glycerine, discovered by So- 
brero, in 1846, for the first time lent its terrible empha- 
sis, and seemed to bring an awakening of the dormant 
genius of man. ’ 

Within the first decade (1846-1856) came the sewing 
machine, Bain’s chemical the Suez Canal, 
the House printing telegraph, McCormick reaper, 
the discovery of the planet Neptune, the Corliss engine, 
the collodion and dry plate processes in photography, 
the Ruhmkorff coil, the Bass time lock for safes, the 
electric fire alarm of Channing & Farmer, Gintle’s du- 
plex telegraph, the sleeping car of Woodruff, Wilson's 
four-motioned feed for the sewing machine, Ericsson's 
hot air engine, the Niagara suspension bridge, and the 
building of the Great Eastern. 

The next decade (1856-1866) brought with it the At- 
lantic cable, the discovery of the aniline dyes by Per- 
kin, the making of paper pulp from wood, the discovery 
of coal oil in the United States, the invention of the 
circular knitting machine, the Giffard injector, for sup- 
plying feed water to steam boilers; the discovery of 
caesium, rubidium, indium and thallium; the McKay 
shoe sewing machine, Ericsson’s ironclad monitor, No- 
bel’s explosive gelatine, the Whitehead torpedo, and 
the first embodiment of the fundamental principles of 
the dynamo electric generator by Hjorth, of Den- 
mark. 

The next decade (1866-1876) marks the beginning of 
the most remarkable period of activity and develop- 
ment in the history of the world. The perfection of 
the dynamo, and its twin brother the electric motor, by 
Wilde, Siemens, Wheatstone, Varley, Farmer, Gramme, 
Brush, Weston, Edison, Thomson, and others, soon 
brought the great development of the electric light and 
electric railways. Then appeared the Bessemer process 
of making steel ; dynamite ; the St. Louis bridge ; the 
Westinghouse air brake ; and the middlings purifying 
and roller processes in milling. That great chemist and 
probably greatest public benefactor, Louis Pasteur, 
added his work to this period; the Gatling gun ap- 
peared ; great developments were made in ice machines 
and cold storage equipments; machines for making 
barbed wire fences ; compressed air rock drills and the 
Mont Cenis tunnel ; pressed glassware ; Stearns duplex 
telegraph, and Edison’s quadruplex ; the cable car sys- 
tem of Hallidie, and the Janney car coupler ; the self- 
binding reaper and harvester; the tempering of stee! 
wire and springs by electricity ; the Lowe process for 
making water gas; cash carriers for stores; and ma- 
chines for making tin cans. 

With the next decade (1876-1886) there arose a star of 
the first magnitude in the constellation of inventions. 
The railway and telegraph had already made all people 
near neighbors, but it remained for the Bell telephone 
to establish the close kinship of one great talkative 
family, in constant intercourse, the tiny wire, sentient 
and responsive to the familiar voice, transmitting the 
message with tone and accent unchanged by the thou- 
sands of miles of distance between. Then come in or- 
der the hydraulic dredges, and Mississippi jetties of 


Eads ; the Jablochkoff electric candle ; photography by 
electric light ; the cigarette machine ; the Otto gas en- 
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ine; the great improvement and development of the 
vpewriter ; the casting of chilled car wheels ; the Birk- 
nhead and Rabbeth spinning spindles ; and enameled 
_heet iron ware for the kitchen. Next the phonograph 
Edison appears, literally speaking for itself, and re- 
roducing human speech and all sounds with startling 
idelity. Who can tell what stores of interesting and 
astruective knowledge would be in our possession if the 
honograph had appeared in the ages of the past, and 
ts reeords had been preserved. 
The voices of our dead ancestors, of Demosthenes 
nd Cicero, and even of Christ himself speaking as 
© spake unto the multitude, would be an enduring 
ality and a precious legacy. In this decade we also 
‘od the first electric railway operated in Berlin ; the 
-velopment of the storage battery ; welding metals by 
_ leetrieity; passenger elevators ; the construction of the 
irooklyn bridge; the synthetic production of many 
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the web perfecting printing press, the typewriter, the 
modern bicycle, and the cash register is beyond enu- 
meration or adequate comment. 
Looking at this campaign of progress from an an- 
thropological and geographical standpoint, it is inter- 
esting to note who are its agents and what its scene of 
action. It will be found that almost entirely the field 
lies in a little belt of the civilized world between the 
30th and 50th parallels of latitude of the western hemi- 
sphere and between the 40th and 60th parallels of the 
western part of the eastern hemisphere, and the work 
of a relatively small number of the Caucasian race 
under the benign influences of a Christian civilization. 
Remembering, furthermore, that most of this great 
development is of American authorship, does it not 
appear plain that all this marvelous growth has some 
correlation that teaches an important lesson? Why 
should this mighty wave of civilization set in at such a 
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useful medicines, dyes, and antiseptics, from the coal- 
tar products ; and the Cowles process for manufactur- 
ing aluminum. 

In the last deeade (1886-1896) inventions in such great 
numbers and yet of such importance have appeared 
that selection seems impossible without doing injustice 
‘o the others. The graphophone ; the Pullman and 
Wagner railway cars and vestibuled trains ; the Harvey 
process of annealing armor plates ; artificial silk from 
pyroxyline; automobile or horseless carriages; the 
Zalinski dynamite gun; the Mergenthaler linotype 
inachiné, moulding and setting its own type, a whole 
line at a time, and doing the work of four compositors ; 
the Welsbach gas burner; the Krag-Jorgensen rifle ; 
Prof. Langley’s aerodrome ; the manufacture of acety- 
lene gas from calcium carbide ; the discovery of argon ; 
'he application of the cathode rays in photography by 
Roentgen ; Edison's fluoroseope for seeing with the 
cathode rays ; Tesla’s discoveries in electricity, and the 
kinetoseope, are some of the modern inventions which 
still interest and engage the attention of the world, 
while the great development in photography, and of 
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recent period, and more notably in our own land, 
when there have been so many nations far in advance 
of us in point of age? The answer is to be found in 
the beneficent institutions of our comparatively new 
and free country, whose laws have been made to justly 
regard the inventor as a public benefactor, and the 
wisdom of which policy is demonstrated by the growth 
of this period, amply proving that invention and civ- 
ilization stand correlated—invention the cause and 
civilization the effect. 

This retrospect, necessarily cursory and superficial, 
brings to view sufficient of the great inventions as 
milestones on the great roadway of progress -to inspire 
us with emotions of wonder and admiration at the 
resourceful and dominant spirit of man. Delving into 
the secret recesses of the earth, he has tapped the hid- 
den supplies of Nature’s fuel, has invaded her treasure 
house of gold and silver, robbed Mother Earth of her 
hoarded stores, and possessed himself of her family 
record, finding on the pages of geology sixty millions 
of years existence. Peering into the invisible little 
world, the infinite secrets of microcosm have yielded 
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their fruitful and potent knowledge of bacteria and 
cell growth. With telescope and spectroscope he has 
climbed into limitless space above, and defined the size, 
distance and constitution of a star millions of miles 
away. The lightning is made his swift messenger, and 
thought flashes in submarine depths around the world, 
the voice travels faster than the wind, dead matter is 
made to speak, the invisible has been revealed, the 
powers of Niagara are harnessed to do his will, and 
all of Nature’s forces have been made his constant ser- 
vants in attendance. We witness a new beaven and a 
new earth, contemplation of which becomes oppressive 
with the magnitude and grandeur of the spectacle, 
and involuntarily we find ourselves asking the ques- 
tion, “Is it all done? Is the work finished? Is the 
field of invention exhausted ?” It does seem that it is 
quite impossible to again equa! the great inventions of 
this wonderfully prolific epoch; but as these great in- 
ventions, which now seem commonplace to us, would 
have seemed quite impossible to our ancestors, we may 
indulge the hope of future possibilities beyond any 
present conception, but onward and upward in the 
great evolution of human destiny. 

Rejoicing in our strength and expabilities, the new 
light of man’s power and destiny breaks more clearly 
over us, and content with the infinite quality of mind 
and matter, the teachings of philosophy, and the facts 
of evolution, we rest in the assurance uf positive know- 
ledge that all that has been done in the past is merely 
preliminary, that human ingenuity knows no limit, and 
so long as man himself remains hedged about with the 
limitations of mortality and the conditions of growth, 
so long will his strivings and attainments be infinite. 

BETA. 
++ 
STEEL, 

The term steel signifies iron containing a small per- 
centage of carbon, and in modern times the term has 
become extended so as to indicate iron containing an 
almost infinitesimal amount of carbon, provided the 
metal is produced by the open hearth or Bessemer pro- 
cess. In the early ages of the world meteoric iron, a 
close representative of modern nicke! steel, was used by 
the ancients. The art of producing iron in the primitive 
fining hearth, analogous to a blacksmith’s forge, goes 
back to an early date. Then the blast furnace was in- 
vented, and cast iron, containing a larger percentage of 
carbon than steel contains, was produced. In the in- 
tense heat of the blast furnace, with its prolonged con- 
tact with the fuel and gases of combustion, the iron 
absorbed over two per cent of carbun. Such iron is 
termed cast iron. 

With the exception of some specia! processes, the 
majority of steel in early days was produced from 
wrought iron. The latter was made from cast iron by 
the puddling process. The cast iron in the form of 
pigs was melted on the hearth of a reverberatory fur- 
nace in contact with iron cinder and iron ore, accom- 
panied by constant stirring of the melted metal. The 
carbon was gradually oxidized, and wrought iron quite 
free from carbon was produced. This, after being 
worked down into shape by hammers and rolls, was 
inclosed in cases with shavings of born and similar 
material and heated toa high heat for many hours. 
The metal absorbed carbon for the second time, and 
when removed from the boxes showed a blistered sur- 
face, and was termed blister steel. lt was worked over 
to produce spring steel and shear steel, or was broken 
into pieces and melted in crucibles to produce cast steel, 
the crucibles holding from thirty to fifty pounds of steel. 

Puddling involved a constant stirring and working of 
the metal with a pokerlike tool termed a rabble. This 
seemed to involve much labor. and many attempts 
were made to get rid of it. Various forms of mechani- 
eal puddling machines were manufactured, and about 
1870 a great deal of attention was attracted by the 
American Danks rotary puddling furnace, the proof of 
which is given in the fact that it was elaborately exam- 
ined in 1871 by a committee of Engtish iron masters, who 
actually imported 40 tons of pig iron from England to 
test it with. This is cited to show the importance at- 
tached at so late a period to the old puddling process, 
It seemed obvious that, by puddling cast iron toa point 
when a portion of the carbon only was removed, steel 
might be directly produced; and the iron and steel world 
of the later sixties was intensely interested in the 
production of puddled steel, which then offered the 
only prospect of producing steel in large units. Many 
minor inventions were made in the production of siecel 
until the world was ready to receive the monumental 
one, termed the ‘‘ Bessemer process.” 

Sir Henry Bessemer early began his experiments on 
the production of steel from pig iron by the use of an 
air blast. His work was done principaily in the fifties, 
and as evolved and developed by constant experiment, 
it took the shape of the following steps: Cast iron was 
melted in a cupolaor a reverberatory furnace, and then 
was run into a vessel near whose bottom or in whose 
bottom were a number of blow holes, and through 
which, before the introduction of the metal, a blast 
under heavy pressure was maintained. The hot iron 
was run in, and as the blast was forced through it, its 
earbon and silicon were burned out and its tempera- 
ture rose enormously, the carbon and silicon of the 
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iron forming the fuel. The original idea was to with 


draw the metal when the carbon was sufficiently re- 
duced. This, however, proved impracticable, except | 
with exceedingly pure iron, although this process has | 
been successfully carried on for many years in Sweden. | 
The least trace of phosphorus impaired the quality of | 
the steel very greatly, and eventually the system was | 
adopted of blowing the metal to the complete exhaus- | 
tion of the carbon and of then adding a weighed quan- 
tity of ferro-manganese or of spiegeleisen, which were 
practicaily cast irons containing a large portion of | 
manganese and carbon. By varying the proportions of | 
these materials added, steel of any required percentage | 


' 
of carbon could be produced 








As the Bessemer pro- | 
cess gradualiv came into use, it was seen that the} 
inane facture It was intro- 
duced into this country, and Holley, newspaper report- | 
er and metallurgist, found it a 
fertile subject for his genius, and developed the mechan 

ieal features of the process by the introduction of the 
for operating it. 


of steel was revolutionized. 


mechanical engineer 


most perfect hydraulic machinery 
The converter in which the metal is treated is now an 
egg-shaped vessel, mounted on trunnions, and of size to 
treat at once from one to fifteen tons of melted iron 

its bottom is full of holes for the blast. It is turned | 
down on its side to reeeive the charge, the blast is/| 
turned on. and it is brought inte an upright position | 
for the bl 
iron contained it 
mouth, and the carbon and silicon are burned out of | 
the iron. It turned down to receive the 
carbonizing charge of ferro-manganese or spiegeleisen, 
effect of phosphorus present is partly 
the The steel, | 
which is as liquid as water under the intense heat, | 
s poured hammer and roll is| 
rorked into any The old steel pro- 
esses treated steel in units of a few pounds weight. 
‘he Bessemer process increased the units to many tons, | 
very pure iron had to 
be used, phosphorus In 1878, only-| 
seven vears after the visit of the English metallurgists | 
to America to examine the Danks puddling furnace, an 
announcement was made by a young man, Mr. Sidney 
Gilchrist Thomas, who stated that by the use of lime 


As the air passes through the melted | 
issues from its | 


w 


in a vivid flame 


next 


is 
and the any 


overcome by manganese thus added 


into moulds, and by 


desired shape 


Momething still was wanting : 


being ruinous 


he had succeeded in reducing the phosphorus in the 
Bessemer stee! \fter exhaustive experiments 
the following basic Bessemer process, as it is termed, was 
evolved, Thomas being associated in the work with his | 
cousin Gilehrist The 
with special bricks consisting largely of lime and of 
magnesia. After being heated up by a coke fire, a 
quantity of lune was thrown into the converter and was 
further heated 


rhe charge of iron 


proc | a) 


Hessemer converter was lined 


was then introduced and the blow 
given with a period of some minutes of after-blow or of 
blast all 
ferro-manganese was added to give the carbon and the 
metal was poured. The effect of the after-blow in the 
presence of the basic taaterial removed the phosphorus 


after the carbon was gone Spiegeleisen or 


almost entirely and proved the greatest advance yet 
This brings us down to 
may be mentioned that 


made in the Bessemer process 
recent times. locidentally it 
the slag produced in this process is so rich in phos 
phoric acid that it is used to an enormous extent as a 
fertilizer 

In 1856 Sir Williain Siemens explained a steam engine 
of his invention to the Royal Institution, an invention 
representing ten years of experimental researches. It 
was an attempt to apply the regenerative system for 
saving heat. It without practical 
utility, because the high heat destroyed the machinery. 
A year later his brother Frederick suggested the em- | 
ployment of the system in a furnace. The bint was| 
sufficient. Extensive experiments were at once begun | 
and the Siemens regenerative furnace was the result. | 
It was practically perfected about 1860, and Michael | 
FParaday's last lecture in 1862 was devoted to it. In| 
the Siemens furnace the fuel is burned in a gas pro- | 
By the admission of insufficient air for com- 


was found to be 


ducer 
plete combustion. a combustible gas, termed producer | 
us The gas is admitted to the hearth 
of the furnace and burned there with heated air, the 


is produced 


gas also being heated on the way to the furnace 

The essence of the Siemens invention lies in the way | 
in which this The gas from the! 
producer and the air for its combustion are caused to) 
pass through chambers filled with intensely heated fire | 
briek piled up loosely. The products of combustion be- | 
fore they leave the furnace pass through two other| 
such chambers, thereby heating them. At short inter- | 
vals, by the manipulation of valves, the course of the | 


heating is effeeted 


gas and of the sir is changed, so that the products of 
combustion go through the chambers which have just 
been utilized for heating,thereby bringing thein up again 
to a higher temperature, while the chambers already 
heated are used for the passage of the gas and air. By 
this process a sort of cumulative effect is produced. A| 
most intense heat can be developed, and the economy | 
effected is very large. Applications of the Siemens or 
open hearth furnace to making steel at once became ob- 
vious By the Martin process, pig iron and wrought iron 
were melted together on the hearth, producing a steel of 
any desired percentage of carbon; by the Siemens process 





pig iron and iron oxide are used to produce steel on the 
open hearth, and in the Siemens-Martin process both 
methods are combined. The product of this operation 
is the famous open hearth steel. 

The tendency of the present day is to produce open 
hearth and Bessemer steel of low carbon percentage, 
the metal from the chemist’s standpoint being rather 
wrought iron than steel. It is produced in enormous 
quantities and the great ships and buildings of our days, 
the age of steel, are due to four great inventions of which 
three belong to the last half century. The hot blast 
for blast furnaces, invented in 1828 by James Neilson, 
doubled the output of the blast furnace without any 
extra fuel ; in 1855 the Bessemer process was announced 
and the second of the inventions began to be applied ; 


| seven years later, or 1862, may be taken as giving the 


date of the third invention, the Siemens furnace ; and 
the fourth invention, which we have placed in 1880, is 
the Gilchrist-Thomas or basic process of making steel 
from iron containing phosphorus. All other inventions 
in the metallurgy of iron and steel, ingenious as they 
were, practical as they were thought to be, with all 
their promise of great usefulness, sink into comparative 
obscurity when compared with these four epoch-mak- 
ing inventions which have so inconceivably modified 
our everyday life. 
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DISTINGUISHED INVENTORS. 
Samuel Finley Breese Morse, the American artist, 
and the inventor of the electric telegraph, was the son 
of an American geographer ; he was born at Charles- 





|'town, Mass., in 1791, and died in New York, April 2, 


In 1810 he graduated from Yale College, and in 
1811 went to England with Washington Allston to 
study art under Benjamin West. In 1815 he returned 
to the United States, and in 1826 he was chosen as the 


1872. 


| first president of the National Academy of Design, 


which he was instrumental in founding. He was very 
fond of discussing electrical matters with his friend 
Prof. J. Freeman Dana; and while on a voyage from 
Havre to the United States in 1832, Morse conceived 
the idea of making not only an electric telegraph, but 


|also an electro-magnetic and chemical recording tele- 


graph, substantially as it now exists. Morse madesome 
drawings on the steamer, which he afterward elabo- 
rated, but it was not until 1835 that he first exhibited a 
telegraph in operation, when he put a half mile of wire 
in coils around a room. In 1837 he filed a caveat in the 
Patent Office and also exhibited his new system in the 
University of New York. He asked Congress for aid to 
build a line from Baltimore to Washington, but noth- 
ing resulted. He went to England, where a patent was 
refused him. His French patent was worthless. It 
was not until March 4, 1843, that Congress finally 
granted $30,000 for his trial line. In 1844 the work was 
completed and Morse was able to show the practica- 
bility of his system of electro-magnetic telegraph. His 
patents were promptly infringed, and he was quickly 
engaged in an interminable succession of patent suits. 
At last these were decided in his favor, and he was 
able to reap the just reward from his great invention. 
Honors without number poured in upon him. Foreign 
nations vied with one another to give him medals or to 
confer decorations, and in 1858 the representatives of 
France, Russia, Sweden, Belgium, Holland, Austria 
and other countries met at Paris to decide on a collect- 
ive testimonial, and $80,000 was voted to him. It is 
believed that he had the original idea of submarine 
telegraphy ; he also made the first daguerreotype in 
the United States. 

Elihu Thomson was born in Manchester, England, 
1853, and at the age of five came to this country with 
his parents, who settled in Philadelphia, where he was 
educated, graduating from the Central High School in 
1870. He experimented a great deal during his boy- 
hood in electricity and chemistry, photography and 
similar subjects. Graduating at the age of seventeen, 
he spent six months as an analytical chemist in a labor- 
atory, and was then appointed assistant professor of 
chemistry and physics in the high school, and was pro- 
moted to the chair of professor of chemistry and me- 
chanies in 1876. He frequently lectured and continu- 
ally experimented during this period, in the Artisans’ 
Night Schools, Franklin Institute and elsewhere. He 
was associated with Prof. Edwin J. Houston in some 
patents relating to dynamos, and upon these and other 
inventions based the American Electric Company, since 
called the Thomson-Houston Electric Company, organ- 
ized in 1880, and became chief electrician of the com- 
pany. His invention of eleectrie welding and brazing 
has been fully described in the columns of the ScrEn- 
TIFIC AMERICAN and SUPPLEMENT. His remarkable 
experimetits in alternating current induction have done 
much to win for him an international renown. The air 
blast applied to switches and commutators for blowing 
away destructive ares isatype of his practical way of 
reaching results. Like Edison, he holds a great num- 
ber of patents. 

Capt. John Ericsson was born in the province of 
Wermiland, Sweden, in 1803, and died in New York in 
1889. His father was a mining proprietor, so in his 
youth he had ample opportunities to watch the opera- 
tion of machinery. He learned to draw, and entered the 
corps of Swedish engineers, and at twelve years of age 
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was engaged in the construction of canals. He after- 
ward entered the army and rose to be a captain at 
seventeen. During this time he made a small heat en- 
gine, which was the precursor of the hot air engine 
which he afterward successfully developed. His in- 
ventions in relation to locomotives were also import- 
ant. Capt. Eriesson early began to make experiments 
on the serew propulsion of vessels, especially for war 
vessels, with the arrangement of the screw and all the 
machinery under the water line. He came to the 
United States in 1889, and in 1841 he became engaged 
with Commodore Stockton in building the United 
States frigate Princeton, said to be the first successful 
propeiler war vessel with all its machinery under the 
water line. In 1833 he brought out the first practical 
hot air engine. He was also among the earliest con. 
structors of steam fire engines. During the thirteen 
years that Capt. Ericsson lived in England he is said to 
have made forty new inventions. In 1828 he applied on 
the Victory the principle of condensing steam and re- 
turning the water to the boiler, and in 1882 he gave to 
the Corsair the centrifugal fan blowers, now generally 
used in American steam vessels. In 1830 he introduced 
the link motion for reversing steam engines on the lo- 
comotives King William and Adelaide, and in 18384 he 
superheated steam in an engine on the Regent's Canal 
Basin. Undoubtedly, the greatest of Capt. Ericsson's 
achievements was the building of the Monitor in 
1861. This little iron gunboat, with revolving tur- 
rets, was so successful in the historie naval engage- 
ment at Hampton Roads in 1862 that it changed the 
whole course of naval construction throughout the 
world. Among his later inventions were torpedo boats 
and sun motors. 

Elias Howe, the inventor of the sewing machine, was 

born at Spencer, Mass., in 1819, and died in Brooklyn, 
in 1867. He spent his time until 1835 on his father’s farm 
and mill. He then went to Lowell and was employed 
ina manufactory ofcotton machinery. He afterward 
worked in a machine shop in Boston. Here he devel- 
oped his invention of the sewing machine. The first of 
his machines was made in May, 1845. He patented it 
September 10, 1846. After constructing four machines, 
he visited England in 1847, and remained there two 
years. From his return until 1854 he was involved in 
tedious lawsuits, but at last his rights were acknow- 
ledged and the former infringers paid him handsome 
royalties. He is said to have realized $2,000,000 from 
his invention. 
Nikola Tesla was born at Smiljan, a small place on 
the Austrian border, and he is now 39 years ot age. His 
| education was received at Carlstadt in Croatia ; he, too, 
| showed the experimental bent and eventually entered 
|the polytechnic school in Gratz, Austria. Here he 
studied engineering and devoted his spare time to 
| studying electricity ; on graduation he entered the 
/engineering department of the telegraph at Buda- 
| Pesth, and in 1881 took up the electric light and the 
| construction of dynamo machines as his especial work. 
| He is said to have been greatly impressed by the draw- 
| backs incident to the employment of the commutator 
and collecting brushes on dynamos and motors. His 
efforts resulted in the production of an alternating 
system of power transmission, in which these draw- 
backs were done away with, and which is now univer- 
sally introduced under the name of the “ polyphase 
system.” This work was presented in a lecture before 
the American Institute of Electrical Engineers, in 
May, 1888. But his recent work and that which has 
brought his name more prominently before the world 
than ever before has been with alternating currents. 
Employing a dynamo giving 20,000 alternations in a 
single second, he has produced what may be properly 
termed the most remarkable experimental results re- 
cently attained by electricity. With these alternations 
used in the production of the most beautiful lighting 
effects, he succeeded in showing or at least in indicat- 
ing the possibility of producing light by means of a 
single or without any conductor whatever. Several 
striking features were brought out in his experiments 
in this line.. He showed the nature of the brush dis- 
charge and demonstrated the necessity of excluding air 
and gas in general from induction coils and condensers. 
Many other effects of high frequency currents were 
pointed out, which have thrown novel light upon elec- 
trical phenomena. In recent years he has devoted his 
attention to the perfection of a method of lighting and 
other inventions, notably a method of conversion to 
currents of high frequency and the mechanical oscilla- 
tors, which were first shown in an experimental lecture 
before the Scientific Congress at the World's Fair, Chi- 
eago, in August, 1893. 

Alexander Graham Bell was born in Edinburgh, 
Scotland, March 3, 1847, being, therefore, almost the 
same age as Edison. He was educated at the Edin- 
burgh High School and University. He came to the 
United States in 1872. His father and grandfather 
were both teachers, and the young Bell's 
attention was directed to language by the course 
of studies preseribed by his father. The synthesis of 
artificial speech, by Helmholtz’s method, is said to have 
early engaged his attention, and he resolved to pursue 
one of the outcomes of his studies, multiple telegraphy, 
to a practical conclusion. It has been said that all this 














time the idea of speech transmission was an undercurrent 
of thought with him, and he has testified that, before 
1870, he avowed his belief that we would one day speak 
by telegraph. Going through all sorts of experiments, 
he succeeded in inventing the telephone. He lectured 
on it before the Society of Arts, in Boston, May 25, 1876, 
exhibited it at the Centennial in Philadelphia, and in 
August of the same year speech, it was said, was trans- 
mitted over a telegraph line. He has received numerous 
honors, and has written numbers of papers on his other 
scientifie work, such as the photophone. He has also 
for years studied the subject of speech for the deaf and 
dumb. After the shooting of President Garfield, 
Mr. Belland Mr. Sumner Tainter experimented with 
the Hughes induction balance to find the bullet 
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Garfield, but their attempts proved futile. [machinery but he afterward devoted his energies to 


Hayward A. Harvey, the inventor of the Harveyized | metallurgical processes, and in 1888 he took out his first 


steel armor plate process, passed away August 29, 1893, 
at his home in Orange N. J. Hayward A, Harvey was 
born in Jamestown, N. Y., January 17, 1824. His 
father was General Harvey, the inventor of the gimlet 
pointed screw, the cam motion, and the toggle joint. 
Young Harvey entered the office of the New York Screw 
Company as draughtsman in 1844, he took charge of a 
wire mill at Somerville, N. J., in 1850, and in 1852 he be- 
came connected with the Harvey Steel and Lron Com- 
pany, of which his father was president. In 1865 Mr. 
Harvey founded the Continental Screw Company, of 
Jersey City. The inventions of Mr. Harvey, up to this 
time, had nearly all been in the direction of automatic 





patent on a process for treating steel. This invention 
has now made his name familiar all over the civilized 
world, and has added another word to our language. 
The new process is, briefly, a method of hardening steel 
on the surface, or carbonizing it, and raising steel of a 
low grade to a higher one. The first armor plate 
treated by the Harvey process was made in 1800. The 
Harvey Steel Company was organized in 1889, and 
works were established at Brill’s Station, near Newark, 
on the Pennsylvania Railroad. Various improvements 
were introduced in the manufacture of armor plates, 
and to-day Harveyized steel armor plates stand with- 
out a rival. The many tests prove conclusively 
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that Harveyized steel plates are the best in the world. | numerous awards for his invention, which also obtained 
The construction of battleships has been modified by | for him a large fortune. He was elected a correspond- 
the introduction of Harveyized armor, and the new/| ing member of the French Academy of Sciences, “as 
process is being adopted by the principal manufactur- | having done more for the cause of agriculture than any 
ers of Europe. Mr. Harvey, in the course of a long and | other living man.” It was estimated in 1859 that his 
eventfal life, had 125 patents granted to him. invention saved the country at least $55,000,000 per 
Samuel Colt, whose name willever be identified with | annum. Of course, with the growth of improvement, this 
the production of the revolver, was born at Hartford, | sum has been largely augmented. 
Conn., in 1814, and died there in 1862. In his fourteenth 
year he ran away from school and went tosea. While 
on his East India voyage he made a model in wood of AMERICAN SHIPBUILDING. 
a revolving pistol. This was the germ of the great inven- Though the history of Amerigan shipbuilding has 
tion. After his return from Calcutta, he studied chem- been marked by many fluctuations, there had never 
istry in the dye house of his father, and afterward trav- | been a time, from the colonial days of the seventeenth 
eled extensively in the United States and Canada, giv-  contury down to the sudden decline of the middle of 
ing lectures on chemistry. He thus gained the means | +). nineteenth century, when it had not been in a 
necessary to prosecute bis invention of the revolver. In more or less healthy con‘ition. ‘The records show that 
1835 he visited England and France, taking out patents, | fifty years ago we had entered upon the last and most 
aml on his return he took out his United States pat- |) iniant era of shipbuilding which the country has 
ents. Heestablished a factory at Paterson for the manu- ever seen. In the three years, 1843 to 1846, the total 
facture of his arms. There was, however, little demand yearly tonnage built in the United States had risen 
for the new weapon, and the company became insolvent. | 51 63.888 to 108,208 tons. In 1850, 279,255 tons were 
During the Mexican war, in 1847, the manufacture of | built, and in 1855 the total rose to 583,450 tons. So 
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the revolvers was resumed-—first at Whitneyville, Conn., 
and finally at Hartford. This last establishment was 
built on a very laryve scale, and made not only revolvers, 
but machinery for constructing the same, cartridges, | 
ete. Mr. Colt also invented a submarine battery for the | 
defense of harbors, and also a method of insulating sub- 
tharine cables. In 1843 he laid a cable from Coney and 
Fire Islands to the city of New York, which was ope- 
rated with success 

George Henry Corliss was born at Easton, New York, | 
in 1812, and died ia Providence, R. 1., in 1888. He at-; 
tended school until he was fourteen, and then became | 
a clerk in a cotton factory ; later he spent three years in 
Castleton Academy, Vt., and finally opened a country 
store at Greenwich, N. Y. He early showed a leaning 
toward mechanical pursuits, and in 1844 he moved to 
Providence, R. L., where, in 1846, he began to make im- 
provements in steam engines. He patented what is 
now universally Known as the “ Corliss ” engine in 1849. 
These improvements have revolutionized the construc- 
tion of the steam engine. By the new devices the gov- 
ernor was connected with the cut-off, preventing waste 
of steam, and insured oniform speed under the most va- | 
rying loads. A company was formed in 1856, and they | 
adopted the novel plan of taking the saving in fuel for | 
a given time as their pay. The large Corliss engine was | 
one of the wonders of the Centennial Exposition, and 
is still in use, driving one of the largest manufacturing 
plants in the country. Mr. Corliss received many | 
honors and devorations, and amassed a large fortune. | 
He made many other minor inventions. 

Thomas Alva Edison was born at Milan, Ohio, in 1847. 
He began life as a train boy, soon advancing to a news- | 
dealer with easistants. He studied telegraphy and ob- 
tained a position as operator at Port Huron. He soon 
became noted for his speed and accuracy, his messages 
being taken down in handwriting like copperplate. 
He soon began to invent, and in 1864 he moved to Mem- 
phis and had one of bis inventions, an automatic re- 
peater, pat into service. He struggled along, inventing | 
and working at his profession, until he went to Boston 
im 1868, where he was able to open a workshop for de- 
veloping his inventions. Shortly afterward he was re- 
tained by the Western Union Telegraph Company, and 
started an electrical! laboratory at Newark, where he em- 
ployed 300 men. In 1876 he moved to Menlo Park, New 
Jersey, and in 1887 left Menlo Park and erected in 
Orange, New Jersey, what is sapposed to be the largest 
experimental laboratory of its kind in the world. His 
inventions, which are numbered by hundreds, center 
largely on electricity, although one of the most wonder- 
ful of his achievements is the phonograph. They in- 
clude inventions in duplex and quadruplex telegraphy, 
the carbon transmitter telephone, the ircandescent 
lamp, the electric railroad, the electrophone, the moto- 
graph for accelerating speed in ocean cabling, the micro- 
tasimeter, the odoroscope, the megaphone, the phono- 
plex telegraph, the pyro-magnetic motor and generator, 
the magnetic bridge, the electric pen, dynamos and mo- 
tors, the kinetograph, the magnetic ore separator, and 
last of all the fluoroscope and the new vacuum light. 
Taken all in all, the inventions, both from quantity and 
value, place Mr. Edison in the very front ranks of the 
inventors of all ages, and it is gratifying to note that he 
has reaped both honors and rich rewards for his dis- 
Ccoveries. 

Cyrus Hall MeCormick, the inventor of the reaping 
machine, was born at Walnut Grove, Va., in 1809. He 
died in Chicago, in 1884. His education was obtained 
in the common schools ; he also helped his father in 
farm work, and at the age of fifteen had constructed a 
cradle used in harvesting in the field. At the age of 
twenty-one he invented two new and valuable plows. 
As far back as 1516 his father made attempts to con- 
struct a reaper, but these attempts only ended in failure, 
but in 1881 young Cyrns proceeded on a new line, and 
succeeded in making a, success of the new grain har- 
vesting machine which was to bring him fame and for- 
tune. He patented his reaper in 1834, and improve- 
ments on it in 1845-47 and in 1858. In 1847 he moved to 
Chicago, where he built a large plant. He received 
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rapid was the growth that by the year 1860 there was a 
total of 5,353,868 tons in the merchant marine, 2,379,396 
tons of which were engaged in the foreign trade. At 
this time the total tonnage of the British empire was 
only slightly greater—5,710,968 tons. 

It was inevitable that an enterprising country, with 
a 3,000 mile Atlantic seaboard flanked by great forests 
of timber that was excellently adapted to shipbuilding, 
should create a powerful merchant fleet ; and the rapid 
decline which took place at this time is primarily to be 
ascribed, not to any decadence of the maritime spirit, 
but to the substitution of iron for wood in the construc- 


'tion of ships; though the collapse was undoubtedly 
| hastened by the outbreak and course of the civil war. 


As long as wood was the material of construction the 
American shipwright more than held his own against 
the world ; but the change from wood to iron came a 
little too early for the undeveloped condition of the 
mineral resources of the United States, and we suf- 
fered accordingly. In 1855 there were built 381 ships 
and barks and 126 brigs; in 1870, only 73 ships and 
barks and 27 brigs ; in 1880, but 23 ships and barks and 
2 brigs ; and in 1895, 1 ship. Of steam vessels we built 
in 1846 some 46,359 tons; 147,499 tons in 1864, and 
69,758 tons in 1895. The above figures, it is true, do not 
inelude schooners and sloops, nor the large fleet of 
canal boats and barges, of which there were 445 built 
in 1895, with a total tonnage of about 41,000 tons. 

In addition to the two causes of decline above men- 
tioned, it must be remembered that the past thirty 
years has been a period of unparalleled agricaltural, 
mining and manufacturing activity. If the nation has 
neglected its merchant marine, it has been largely for 
the reason that it was fully occupied with the develop- 
ment of the internal resources of the country. The 
discovery of the gold fields of California ; the rapid ex- 
tension of the railroads, and the opening up of the un- 
occupied farming lands of the West; the development 
of the mineral wealth of the country, and the rapid 
growth of the iron industries, have proved a strong 
counter attraction that has temporarily weaned the 
heart of the nation away from its old-time love of the 
sea. Now that the tide of emigration has touched the 
remotest bounds of the country, and the extent of its 
resources has been well ascertained, we may look for 
something of a reaction in the direction of maritime 
enterprise—indeed, the reaction has already begun. 

The teachings of history regarding the relation of the 
navy to the merchant marine have frequently shown 
how intimately the interests of the two are associated. 
A large merchant fleet requires a strong navy for its 
protection, and a strong navy can never exist without 
a large merchant marine, from which, in the sudden 
emergency of war, it can recruit its seamen. 

We think that, when the history of American ship- 
building comes to be written, it will be agreed that two 
of its red letter days oceurred on July 23 and 26, 1883, 
when the celebrated firm of John Roach & Sons, of 
Chester, Pa., signed the contract for the construction 
of the Atlanta, the Boston and the Chicago, and the 
Dolphin, ships which were to prove the forerunners of 
a completely new and up-to-date navy. The policy 
which was thus commenced has encouraged our ship- 
builders and engineering firms to lay down extensive 
and costly modern plants, suitable for the building of 
the most approved modern ships and engines. So ut- 
terly stagnant was the shipbuilding industry that it 
needed some powerful stimulant to arouse it. The 
prospect of securing contracts for warships, as they 
shall from time to time be built, has not only encouraged 
the existing yards to enlarge their plants, but has called 
others into existence ; until to-day we have several 
firms which are qualified to undertake the construe- 
tion of the largest merchant steamers, and, as the per- 
formance of the St. Paul and St. Louis has clearly 
shown, to rival the best work of the European builders. 

The last census showed that there were in all 1,000 


shipbuilding plants in the United States, though, of. 


course, many of these are comparatively insignificant. 
The important yards are located on the seaboard and 
on the great lakes, the latter locality having witnessed 
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of late years the growth of a really magnificent steam 
fleet. 

The history of the Pacific fleet dates from the year 
1849, when the Union Iron Works had its beginning in a 
small forge at San Francisco. In 1865 the name of the 
firm was changed to Prescott Scott & Company, and 
in 1885, when the fine yard in South San Francisco 
was opened, the firm became known as the Union 
Iron Works. This new yard and works is one of 
the most complete of its kind in the world. The build- 
ings, which are of brick, cover an area of four acres, the 
total area of the covered works being nine acres. One 
of the most notable features is the hydraulic dry dock, 
with an area of 30,450 square feet, which we hope to 
illustrate in a later issue. The works are underlaid 
throughout with hydraulic mains, which supply the 
various lifting, forging, shearing and riveting machines. 
The Union Iron Works give employment to 1,500 
men, and they have turned out some of the most 
successful ships of the new navy, including the Charles- 
ton, San Francisco, Monterey, Olympia and Oregon, in 
addition to many fine ships for the merchant service. 
To this firm, aided by the various smaller yards scat- 
tered along the coast, must be given the credit of a 
fleet on the Pacific Ocean which comprises some 1,520 
American vessels, aggregating 456,359 tons. 

Coming across to the Atlantic seaboard, we should 
take note in passing of the Iowa Iron Werks, Dubuque, 
Iowa, where the steel torpedo boat Ericsson, of 120 tons 
and 24 knots speed, was built. There is a world of sugges- 
tiveness in the fact that this destructive little craft was 
built and engined thousands of miles up the Mississippi, 
and dispatched to the Atlantic by way of New 
Orleans. 

Turning northward to the great lakes, we find that 
American shipbuilding has advanced by leaps and 
bounds, and that here, in its inland seas, it has to re- 
cord a growth of which it may justly be proud. In 
1895 our lake shipping comprised 3,342 vessels, with a 
total tonnage of 1,241,459 tons, two-thirds of this tonnage 
consisting of steam vessels. The Commissioner of Navi- 
gation estimates that the carrying power of this fleet 
is 2,666,261 tons, in which case our merchant fleet on 
the lakes alone is larger than that of France, and 
second only to England and Germany. It only re- 
quires a full-sized ship canal to enable the splendid 
shipyards that fringe the lakes to lend their aid to 
building up a deep sea fleet that shall be second to 
none in the world. 

Passing on to the New England coast, renowned for 
its famous yarjs in the days of the wooden sailing 
ships, we find a compact and very complete plant at 
the Bath Iron Works, Bath, Maine. It covers a large 
area on the banks of the Kennebee River, twelve miles 
from its mouth. Several vessels for the new navy, in- 
eluding the ram Katahdin, have been launched from 
its slips. City Point Works, Boston, Mass., and the 
Herreshoff Manufacturing Company, of Bristol, R. I., 
have contributed to the list of our merchant and naval 
fleets, and the latter firm have immortalized them- 
selves in the international yachting world by the 
production of such craft as Vigilant and Defender. 
Mention must be made also of the Columbian Iron 
Works, Baltimore, Md., N. F. Palmer & Company, of 
Chester, Pa., of Harlan & Hollingsworth, of Wilming- 
ton, Del., and many other yards that are contributing 
to our increasing fleet of deep sea and river craft. 

One of the clearest evidences of the faith of American 
capitalists in the revival of our maritime interests is to 
be found in the extensive and costly plant of the New- 
port News Shipbuilding and Dry Dock Company. This 
concern, like the town from which it is named, has 
been built up within a very few years. Its extensive 
shops, dry docks, and building ways have been carefully 
laid out after a thorough inspection of the great ship- 
building yards of the world. It has turned out,some 
fine ships for the merchant service, and taken an active 
share in the construction of the new navy, the gun- 
boats Wilmington, Nashville and Helena, which have 
been constructed in this yard, being just about to be 
turned over to the government. Here also are being 
built the Kentucky and Kearsarge, first-class battle- 
ships of 11,525 tons, an illustration of which, as they 
will appear when completed, will be found on another 
page. 

The plant comprises sixteen buildings, which include 
four shops 100 by 300 feet, and a blacksmith’s shop 120 
by 208 feet in size. There are four piers ranging from 
60 by 350 feet to 60 by 900 feet in size. The plant includes 
eight ship ways from 400 to 500 feet long, and an outfit- 
ting basin 500 feet by 900 feet. There is also a dry dock 
600 feet long, with a depth of 25 feet over the sill. Over 
3,000 men find employment in the various departments. 

There is no shipbuilding coneern in America that 
has contributed so largely to the upbuilding of our 
modern navy and the merchant marine as the William 


a small shipyard at the foot of Otis Street, Philadel- 
phia. That was the age of wood can 
forty years William Cramp contin 
ships for home and foreign service. In 1871-72 the es- 
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BIRD'S EYE VIEW OF THE SHIPBUILDING YARD OF WILLIAM CRAMP & SONS. SHOWING VESSELS CONSTRUCTED BY THEM. 
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tablishment was enlarged to include a water front of} The reflecting telescope was invented by Gregory, in 


about half the length oceupied by the present yard, 
and from that date to the present the growth has been 
a steady one, the present yard covering a little over 31 
acres, and employing an army of 5,600 men, whose 
wages alone amount to $54,000 a week. 

An excellent idea of this large establishment, and of 
some of the notable ships to which it has 








the middle of the seventeenth century. Newton invent- 
ed his telescope in 1666, and in 1672 Cassegra improved 
the Gregorian telescope by making the secondary or 
small mirror with a convex surface, so as to intercept the 
rays from the great mirror before they came to a focus. 

In 1782 James Short, a young Scotchman, made glass 
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Having done thus much in the way of a hasty review 
of the early history of the telescope, we will state a lit- 
tle more in detail what has been done in the way of de- 
velopment of the astronomical telescope within the last 
fifty years. 

From 1840 to 1845 Lord Rosse designed and con- 
structed several large and powerful reflecting tele- 
scopes, one of which was six feet diameter 
and fifty-four feet focal length. The work of 





given birth, may be gathered from the 
accompanying bird's eye view. The build- 
ings are mainly of brick, or of steel frames 
covered with corrugated iron. The most 
notable structure is a large building 1,164 
feet long by 72 feet wide, and from two to 
three stories high, in which are included 
joiner and pattern shops, machine and erect- 
ing shops and two mould lofts. The iron 
foundry is 415 feet long by 264 feet wide, and 
the boiler shop the largest of its kind in 
America—is 887 feet long by 112 feet wide, 
and it is furnished with two electric trav- 
eling cranes capable of handling 70 and 90 
ton boilers with ease. There are five large 
building slips 600 feet long by 75 feet wide, 
and five wet docks from 600 to 1,000 feet in 
length, together with a dry dock 462 feet by 
70 feet, with a sill depth of 22 feet. In the 
center of the picture, alongside of the ar- 
mored cruiser New York, is seen the cele- 
brated floating derrick, known as the Atlas, 
the largest of its kind in the world. It hasa 
lift of 60 feet, and a radius of 35 feet, fora 
load of 125 tons 

The yard has a complete pneumatic, hy- 
lraulie and electric plant, and in addition to 
its ship and engine building facilities, it 
boasts of an ordnance plant for the manufae 
ture of rapid-fire guns up to 4 inches caliber. 

The total output of ships from this yard 
to date is nearly 300, and includes the Morn- 





ing Light of the days of the clipper; the 
New Lronsides, an early broadside ironclad ; 
the four fine ships Indiana, Illinois, Penn- 
sy!vania and Ohio, built for the American 
Steamship Company in 1872 ; and a veritable 
fleet of ships for the new navy, in which is 
included such famous creations as the ar- 
mored cruisers New York and Brooklyn, the 
commerce destroyers Minneapolis and Columbia, and 
the battleships [ndiana, Massachusetts and Iowa. 

Last, and perhaps most brilliant achievement of all, 
was the construction of the two great transatlantic 
steamships, St. Louis and St. Paul, of 11,629 tons dis- 
placement, and 20 to 21 knots sustained sea speed. The 
wivent of these twin ships to the transatlantic route 
may be taken as an earnest of the fact that the United 
States are determined to win back something of the 
old time prestige, which was hers when ber 





this telescope upon nebule and star clusters 
has become historic. 

In 1861 Lassell erected his great reflecting 
telescope on the island of Malta, and Dr. De 
la Rue constructed several fine reflecting 
telescopes which he used in photographing 
the moon, ete. 

In 1868 Mr. Thomas Grubb finished the 
great Melbourne reflecting telescope. For 
this telescope two 48 inch mirrors of specu- 
lum metal were furnished. In almost all 
reflecting telescopes used up to 1854 speculum 
metal was employed. This is composed of 
sixteen parts pure copper, fifty-eight parts 
pure tin, with slight modifications by various 
makers. 

About the year 1850 Liebeg discovered a 
method of depositing pure silver on a glass 
surface. In 1856 Steinheil took advantage of 
this fact and was perhaps the first to make 
the now well known silver on glass specula, 
in which the silver is deposited on the first 
surface, which has been accurately polished 
and corrected before the silver is deposited 
upon it. A year later Leon Foucault de- 











HUYGENS AERIAL TELESCOPE, 1655. 


reflectors, silvered on the back; but he soon substituted 
speculum metal for glass. About forty years later Sir 
William Herschel commenced his wonderful career as 
an astronomical telescope maker, producing beautiful 
mirrors of speculum metal from 6 to 48 inches in diame- 
ter. Contemporaneously Schroeter, in Germany, made 
some excellent reflecting telescopes, and, like Herschel, 
made many interesting observations with instruments 
of his own construction. 





scribed his method of making silver on glass 
mirrors, and made with his own hands many 
beautiful surfaces. By this method M. 
Eichens made the 48 inch mirror for the 
Paris Observatory, and a few years later Dr. 
Henry Draper made the 15 inch silver on 
glass telescope with which he obtained such 
beautiful results in lunar photography 
Later on he constructed a silver on glass 
telescope of 28 inch aperture, by which he 
photographed the spectra of stars for the first 
time. These telescopes are now mounted at 
Harvard College Observatory. Dr. Draper 
published a most valuable monograph on 
the silvered glass telescope in 1864, and by its aid hun- 
dreds of amateurs have made very creditable reflecting 
telescopes. 

But we must go back to the middle of last century to 
record what proved to be the greatest invention of the 
age in the way of developing the refracting telescope. 
Notwithstanding Newton's dictum that it was useless 
to try to improve it, owing to the impossibility of pro- 
ducing refraction without dispersion, Euler read a 
paper before the Berlin Academy in 1747 








clipper ships were the fleetest that crossed 
the seas 
—_ —— + i> a — 
DEVELOPMENT OF THE ASTRONOMICAL 
TELESCOPE IN FIFTY YEARS. 

Like almost every great invention dating 
back a century or more, it is very difficult to 
obtain data of a positive character regard 
ing its early history. It will be useless in an 
article of this nature to speculate on the indi- 
rect evidence that may be gathered from the 
writings of Greek and Latin authors, but 
from sach writers as Roger Bacon we are 
able tc oL-ain information of a very satis- 
factory nature regarding the properties of 
lenses 

Mention is made of the use of lenses in 
* Pantometria,” by Thomas Diggs, in the 
sixteenth century. Dee's preface to an edi- 
tion of Euclid, published by him in 1570, has 
some remarkable passages on the use of 
lenses. Batista Porta, in a work published 
by him in 156i, describes a combination of 
concave and convex lenses Henry Lipper- 
shey, about 1607, seems to have the best 
evidence on his side as the inventor of the 
telescope In 1609 Harriot made observa- 
tions on celestial phenomena with an instru- 
inent probably made in England, and Sir 
William Lower, a Welshman, asked Harriot 
to procure a cylinder (telescope) for him. 
Galileo, in the same year, learning that the 
telescope had been invented, made one. 
Afterward he made a larger one, with which 
the greatest astronomical discoveries ever 
Pecorded were made. Kepler improved the 
instrument by substituting a convex for a 
coneave eye lens. Huygens made a telescope 
in 1655 having a focal length of 12 feet, with 
which he discovered Titan, Saturn’s largest 
moon. His brother made telescopes 107 and 
210 feet focal length. About the same time 
Campani, at Bologna, and Divini, at Rome, 
were making fine lenses of 00 to 130 feet focal 





proving mathematically the possibility of 
correcting both the spherical and chromatic 
aberration of an object glass ; and curious 
to say, the very man who published an ad 
verse criticism of Euler’s paper was no less 
a person than the celebrated John Dollond, 
who is reeognized as the father of the achro- 
matic telescope, for upon reading Klin- 
genstierna’s paper corroborating Euler's 
views, Dollond made a series of most valua- 
ble experiments which led him to the solu- 
tion of the problem of the achromatic object 
glass ; namely, that by properly combining 
two kinds of glass, flint and crown, he could 
unite the colored rays fairly well and still 
have refraction to unite the incident rays to 
form an image. Here we could fill a column 
with many interesting items of Dollond’s 
work, but lack of space forbids. It is true 
that when Dollond applied for a patent to 
protect his discovery, it was claimed that 
Chester Hall had invented the achromatic 
objective as far back as 1829; but Lord 
Mansfield, who tried the case, remarked, * It 
was not the person who locked his inven- 
tion in his serutoire that ought to profit 
for such invention, but he who brought it 
forth for the benefit of the public.” 
Dollond’s work soon became famous, He 
was surely master of. it and had a clear field 
for many years, but he labored under great 
difficulties in procuring glass suitable for 
telescopes of any diameter. The writer ha- 
read an original letter from Dollond to Prof. 
Loomis, of Yale, in which he asked three 
years for the completion of a five inch tele- 
scope. Fortunately a genius had taken hold 
of this problem in the person of Guinand, « 
Swiss watchmaker, the story of whose life 
work is as charming as that of Palissy the 
Potter. After long experimenting, Guinand 
solved the problem of making fine disks of 
optical glass, and having associated himsel! 
with the celebrated Fraunhofer, in 1805 suc- 








length 





cessfully made optical glass disks up to dfteen 
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inches aperture. To Fraunhofer we owe many of the 
most important discoveries in the theory of the achro- 


matie objective, and it is sad to record that his brilliant | 
-areer was cut off by his death at the age of thirty- | 


| perhaps no better type has yet been constructed than 
the new mounting for the 26 inch equatorial of the 


ine. Foucault died at the same age, but both men 
juring their short lives added to the world’s records an 
iumense fund of invaluable data in mathematical and 
practical optics. 

The then great telescopes of Cambridge, Mass., and 
Pulkova, Russia, were made by Merz and Mahler, the 
-uecessors of Fraunhofer. Contemporary with the pro- 
ress of practical optics, mathematicians were develop- 
ng theories of a critical nature, and the names of 
‘;auss, Littrow and others must always be associated 
vith this great work. In France Lerebours and Cau- 
hoix were making excellent achromatic ob- 

tives. In England, Simms; in Ireland, 
‘homas Grubb, were taking an active part 
o the charming work; while in America, 
he Clarks had commenced their great work; 

rst on reflecting and afterward on refracting 
eleseopes. Every American has a personal 
ide in- the work of the Clarks, and their 
hjectives soon became famous in every 
ut of the world for their accuracy of figure 

id fine definition. But one of this firm is 

ow living, Mr. Alvan G. Clark, who has 

-cently finished the great objective of the 
\ erkes Observatory, the largest objective yet 
onstrueted. There are but two firms in the 
world who have attempted to furnish the glass disks 
for these great telescopes—Mr. Mantois, of Paris, suc- 
cessor to M. Feil, and Dr. Schott & Company, of Jena, 
in Germany ; but Macbeth & Company, of Pittsburg, 
Pa., have lately sueceeded in making optical glass up to 
») inches diameter, of very excellent quality. To-day we 
have in France the eminent opticians the Henry Bro- 
thers. who have made many large and fine objectives ; 
Seecreton & Bardou, who have constructed many excel- 
lent telescopes of smaller size. In Germany Merz still 
sends out some good objectives, while Steinheil & Son 
ave making objectives of the highest type. In England 
Messrs. Cooke & Company are doing splendid work, 
while in Ireland Sir Howard Grubb is turning out 
many fine telescopes of large size. In America Mr. 
Alvan G. Clark, of Cambridge, Mass., is the successor of 
the firm of Alvan Clark & Sons. Mr. Henry Fitz made 
a large number of the older glasses and the Spencers 
have contributed several large objectives to American 
observatories. Mr. Clacey, of Washington, has also made 
afew excellent objectives of good size. Indeed, there have 
been quite a number of objec- 

by American ama- 

ir workers that have proved 
worthy of the makers. 

In Allegheny, Pa., John A. 
Brashear has been engaged 
in the development of the 
achromatic objeetive from 
and valuable formula 
devised by Dr. Charles 8. 
Hastings, of Yale University. 

In the mounting of great 
telescopes, engineering pro- 
blems of a difficult nature 
have had to be met, and to 
the mechanician we must ac- 
cord a place of honor in the 
development of the telescope ; 
for, when it is taken into con- 
sideration that such a tele- 
scope as the 36 inch at the Lick 
Observatory weighs forty-five 
tons, and the 40 inch of the 
Yerkes Observatory weighs 
nearly seventy-five tons, and 
that the great tubes of these 
instruments must move with 
the utmost precision, aye 
“Keep time with the stars,” 
it is easy te comprehend that 
the engineering problems are 
intricate and difficult of solu- 
tion. But our astronomical 
engineers have been equal to 
the task, and have brought 
the mounting of the telescope 
to the highest perfection. In 
France we have Gautier; in 
Germany, the Repsolds; in 
England, Cooke; in Ireland, 
Sir Howard Grubb ; in Ameri- 
ca, Messrs. Warner & Swasey, 
of Cleveland, O., and Mr. 
Saegmuller, of Washington. 
The largest instrument 
mounted by Mr. Saegmuller is 
the 20 inch of the Denver 
University. Messrs. Warner 
& Swasey constructed the 36 
inch (an illustration of which 
appeared in our issue of June 
16, 1888) Lick telescope mount- 


new 
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ing, the 40 inch of the Yerkes Observatory, and many of 
the larger telescopes that have been constructed of late 
years. Constant efforts have been made to lessen the 
work of the observer in handling the ‘‘ magic tube,” and 


United States Naval Observatory, an illustration of 
which is here given. This mounting is what the engi- 
neer would call “clean,” as it has no useless append- 
ages, but has everything needed for use of the observer. 
This mounting has been constructed recently by Messrs. 
Warner & Swasey, of Cleveland, 0. 

A new type of telescope has of late years come into 
prominence as an “astronomical weapon,” i. e., the 








photographic telescope. There are two general forms ; 





ASTRONOMICAL PHOTOGRAPHIC CAMERA, WITH DOUBLE OBJECTIVE, 


FOR WIDE FIELD PHOTOGRAPHY, 
one as adopted by the Photographic Congress for small 
| but accurate fields of stars, which is to be used to ob- 
tain a photographic chart of the entire sky, the other for 
| wide field ‘‘ picture” photography. The eye at the tele- 
| scope receives an impression from the light coming from 
a star and dismisses it, so that by long gazing. we see no 
| nore stars than by a brief glance. Not so with the pho- 
| tographic plate. Every tiny ray sticks to the plate, and 
|if the astronomical camera is held long enough upon 
the stars in the field, the images become imprinted by 
thousands—images of stars no telescope will ever show 
to the eye. The writer has seen on a plate 14 x 17 
inches not far from fifty thousand stars photographed 
by Dr. Gill, of the Cape Observatory. Prof. Barnard, 
when at the Lick Observatory, used the photographic 
telescope in most valuable studies of comets and star 
clusters, while Dr. Max Wolf, of the Heidelberg Ob- 
servatory, has discovered many new asteroids by the aid 
of this wonderful tool of the modern astronomer. 
To Dr. Lewis Rutherfurd we owe the principle of the 








refracting telescope as applied to purely photographic 
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purposes, and the instrument made by his own hands 
is typical of all that have followed in this line. The re 
flector had already been used for photography and stiil 
holds an important place for this kind of astronomical 
work. 

The spectroscopic discoveries of Wollaston and 
Fraunhofer, as well as those of Herschel, Fox-'T'albot 
and Brewster, were made several years previous to the 
period we have under consideration. After 1849, how- 
ever, through the efforts of Foucault, Kirchhoff and 
others, the coincidence of the absorption baids and 
bright lines of the spectrum was established, and upon 
this discovery was based the star spectroscope, by 
means of which so many brilliant astronomical discov- 
ries have been made. This instrument, as improved by 
Kirchhoff, Bunsen, Huggins and others, has 
been the means not only of revealing the 
constitution of the sun, stars, comets and 
nebulew, but the condition of matter of which 
these bodies are composed. 

Spectroscopic observations of the motions 
of the stars in the line of sight yield results 
of the highest importance. By a single ob- 
servation it can be determined whether the 
star is approaching or receding, and with 
what velocity. By the anion of this method 
with the ordinary telescopic method, even 
though the path of the stars should cross 
the field of vision at any angle, the velocity 
of the star and the direction of its movement 
ean be determined, provided the {distance of the star is 
known. The spectroscopic method of measuring the ve- 
locity of stars has only recently been put in practice. 

By the use of the photographie piate in connection 
with the spectroscope, extremely close binary systems 
have been discovered which would certainly 
have been known if the ordinary telescope alone were 
available. 

But the half has not been told. When we compare 
the little telescope of Galileo with the majestic 86 inch 
of the Lick Observatory, we think of the mighty step 
from one to the other, but it has all come along slowly 
through the years of the past until further progress 
would seem to be limited by our environment. The 
writer is not willing to say that we have reached this 
limit, either in optical or engineering problems, as mas 
ter minds still look and hope, and are now working for 
new discoveries in the realms of optieal science. 
ir — 

THE TELEPHONE. 


never 





In the early days of the telephone no one seems to 
have conceived of the possi 
bility of transmitting speech 
by electricity. Natural as the 
idea might it 
ently transcended any one’s 


Se@eCTii, appar 
imagination up to a compara 
tively recent 
had discovered, in 1837, that 


period Page 
an iron bar magnetized and 
demagnetized emitted sounds 
and he went no further. Over 
twenty years later, about 1860, 
Philip Reis, a German school 
teacher, experimenting 
on & telephone which, in his 
hands, took various shapes, 
always, having a 
different construction of the 
and of the 
mitter. His receiver had a 
diaphragm bearing at the 
center a contact piece. The 
diaphragm was caused to vi 
brate when acted on by the 
voice, and Reis relied on the 
effect on the contact to cause 
vibrations in the current, the 
latter being produced by a 
battery. In the same circuit 
was placed hie receiver, one 
typical form being a knitting 
needie wound with a coil of 
wire and mounted on a sound 
ing box. The apparatus was 
first shown at a seance of the 
Physical Society of Frank 
furt, in 1861. Reie believed 
that his instrument 
transmit words, and he is re 
ported to have said that he 
had shown the world a road 
to a great discovery, but left 
it to others to follow it up. 
He died in 1874. All that was 
wanted to make his 
phone a success was the sub 
stitation of carbon for one or 
both of the metallic contact 
points which he employed. 
Numerous variations of his 
construction may be found, 
but what has been said about 
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receiver trans 
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go 





it gives the general idea. Many other 
investigators experimented with his tele- 
phone 

About 1868 Royal C. House, an Ameri- 
can inventor whose printing telegraph 
had awakened universal interest, invented 
what he termed an electro-phonetic re- 
ceiver for his telegraph. His idea was to 
produce an instrument which, precisely 
like the modern telephone, would produce 
an audible sound upon receiving a weak 
eurrent of electricity It consisted of a 
box closed with a diaphragm, against 
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BELL’S EARLY TELEPHONE. 


which two rods were pressed endwise by the rocking or | tical in their essential features. each consisting of an 


pivoted armature of ap 


electromagnet, so that in its|ear or mouth piece, over whose end a diaphragm 


notions the armature would alternately push against | is stretched, which diaphragm is made of gold beat- 


one or the other rod. The electromagnet was actuated | er’s skin. 
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By means of a little rod it is connected 
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ments could ;be used for receiving and 
sending, each consisting of a permanent 
magnet wound with a coil of wire, near 
the poles of which magnet a thin dia- 
phragm of iron was held. By speaking 
against one of the diaphragms it was 
caused to vibrate, thereby inducing cur- 
rents in the line connecting the two coils 
and causing the second diaphragm to re- 
peat the sound uttered in the first. Al- 
most at the same time with Bell, Gray had 
worked upon the telephone system, using 
a varying liquid contact, made to vary 
by the vibrations of a diaphragm and thereby pro- 
ducing the speaking current. 

In 1856, Du Moncel had discovered that'when two 
conductors are in contact the electrical conductivity of 
their contact varies with the change of pressure therein. 
The Bell telephone, in which the gold beater’s skin for 








MODERN CARBON OR MICROPHONE TRANSMITTER. 


by weak currents, and an ear placed opposite an ear) to the oscillating armature of an electromagnet, and a|a diaphragm was early abandoned, and a plate of iron 
piece leading to the diaphragm received the sound. | battery is included in the circuit. The assumption was 
This instrument is a telephone far superior to Bell’s| that if one of these instruments was spoken into the|nute variations in sound when used as a receiver; 
original invention, although its inventor had not the | diaphragm would vibrate, causing the armature of the| when used as a transmitter, the agitation of the plate 


least idea of its capabilities for the trans- 
mission of articulate speech 
Eight vears later, Elisha Gray, of Chi- 


cago, and Graham Bell, of Boston, were 
working on the preblem of the transmis- 
sion of sound by electricity, and on the 
i4th of January, 1876, Bell took out his 
patent for his first instrament. The 


receiver and transmitter in it are iden- 
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EDISON'S CHEMICAL RECEIVER AND CARBON TRANSMITTER. 





REIS' TELEPHONE RECEIVER. 


magnet also to vibrate, 
thereby introducing varia- 
tions in the current so as 
to reproduce the vibrations 
from the diaphragm into 
the receiving. instrument. 
In the summer of 1876 Bell 
exhibited his telephone at 
the Centennial Exposition 
in Philadelphia. It varied 
somewhat from the instru- 
ment of his patent. The 
transmitter was a vertical 
electromagnet with a plate 
armature, which was spok- 
en against by the person 
sending the message. It 
worked with the utmost 
difficulty, but speech was 
, transmitted. The next im- 
provement took the shape 
of omitting the battery and 
substituting permanent 


found that identical instru- 


magnets therefor. It was| 





substituted therefor, was astonishingly sensitive to mi- 


REIS’ TELEPHONE TRANSMITTER. 


by the voice produced such minute changes that the 
system embracing a Bell telephone at each end was 
very imperfect and was regarded as not much better 
than a scientific curiosity. The Du Moncel principle 
was now applied to telephony, Edison and Hughes 
being among the earliest experimenters. The tele- 
phone system took a new shape. A transmitter based 
upon the use’ of a carbon contact was used. The re- 
ceiver was a Bell telephone. As a carbon contact, 
however, much agitate 1, generated no current, a bat- 
tery was also put into the circuit and at once the tele- 
phone system was completed ; talking in an ordinary 
tone of voice into the microphone, the telephone miles 
distant repeated the sound. The rest was detail. The 
nfost extraordinary results were produced by some of 
the early transmitters. Edison adopted a carbon but- 
ton which was held against a contact piece by a dia- 
phragm. This proved astonishingly sensitive to the 
voice. It was only one of a whole series of changes 
which were rung upon the microphone. Carbon balls, 
powder, and rods in every conceivable relation were 
adopted. The microphone made the telephone a 
success. , . 

It was rapidly introduced in commerce. One of the 
curiosities of the telephone was Edison’s loud-speaking 
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‘-hemical telephone. This receiver was based on a 
mieal principle. Directly back of a micro-dia- 
agin was a cylinder of plaster of Paris moistened with 
,emical solution. A strip of platinum bore, spring 
‘ion, against the surface of the cylinder, the other 
| being attached firmly to the center of the dia- 
agm. The instrument was placed in a circuit, one 
. connecting with the spring and the other with 
cylinder. When the cylinder was turned, it pulled 
nthe diaphragm evenly and no sound was pro- 
ed. Ifa current from the transmitter were passing, 
ction on the chemical 
ition caused the ? me- 
iical resistance or the 
f(r -cion between the cyl- 
in ior and the spring to 

and thereby the dia- 
| gm was vibrated in 
t accordance with the 
inal motions of the dia- 
wm of the transmitter. 








in this way the message 
was very loud and could 
be heard over the whole 
ro: The telephone at 
once went into extensive 
use and was introduced 
everywhere. Enormously 


expensive law suits were 
instituted to determine the 
proprietorship in the basic 
inventions, which were de- 
cided in favor of the own- 
ers of the Bell patent, who 
have succeeded in main- 
taining a monopoly of the 
business for Many years, 
As now used, the tele- 
phone operating with a 
microphone transmitter 
and a Bell telephone re- 
ceiver uses the secondary 
or induced current. To 
put subseribers in commu- 
nication with each other 
what are known as switch 
boards are operated in the 
central exchanges. Some 
of these switch boards are 
enormous pieces of work 
representing thousands of 
dollars ie and em- 
(heir construc- 
tion hundreds of miles of wire. Gradually the instru- 
ments have taken a single type of construction and the 
telephone industry has become one of the greatest elec- 
trical interests of the day. By the use of more perfect 
instruments and heavy copper wire the area covered 
by the telephone has been greatly extended and long 
distance lines have been established between the lead- 
ing cities of the world. 
STATISTICS OF THE TELEPHONE BUSINESS OF THE 
UNITED STATES FOR 1895. 


Number Of exchanges. ......0....cccecs ccseosees -seeees 27 

“ ¥ Ca is cdecdeihd sbbblaboabecses sete 686 

“ instruments in hands of subscribers........... 674,976 

Miles of wire on poles... .............cccees Dindestoevews 260,324 

me . FE nakedhh séchyaskebebiaieebsua 12,861 

TN sd00svantilan sabndhoasenenné 184,515 

PEP pcuchhabiickcccs¥cséccsicnséad 172 

Total ema ci ibidsees Gascdibins ks inten tbebkekat 11,980 

peel cea Oe ER, 281,695 

Estimated daily exchange connections...........«..«.... 2,351,420 
Average cost of connection to the subscriber, from 1 cent to 10%, cents. 

Miles of underground wire in New York..............+... 38.986 

A = FS I cc caitbtassbatinnte 20,352 

r ele aan oh eS 15,687 

- eet SEE EON 10,999 





FIFTY YEARS OF THE SCIENTIFIC AMERICAN. 
The present issue is published in the form of an his- 
torical review of the progress of science and mechani- 
cal industries during the 
past fifty years, and as it is 
commemorative of the fifti- 
eth anniversary of the pub- 
lication of the SCIENTIFIC 
AMERICAN by the present 
Owners, it will, we feel sure, 
hot be considered amiss if 
We give some account of 
the early beginnings and 
struggles through which 
the journal passed before it 
had made for itself a posi- 
“ion of authority in the 
particular field to which it 
‘s devoted. The early num- 
bers of the paper are rarely 
attainable, and cannot gen- 
erally be reached even in 
our large public libraries. 
We have reproduced some 
pages of the first issues, in 
order to give our readers 


cole idea of the character 
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of the paper at its inception, and we give below some 
account of its peculiarities and characteristics. 

The size of the paper was more like that of the pres- 
ent daily newspaper. It had four pages. All the matter 
was printed on both sides of one large sheet and folded 
in the center so as to make a folio 19 x 134¢ inches. 

Across the engraved heading, on which were shown 
steamboats, waterfalls, windmills, factories and a tem- 
ple, as may be seen by examining the facsimiles of these 
early issues published on the front page, was printed 
the name, ‘ SCIENTIFIC AMERICAN,” in large letters. 





PATENT DEPARTMENT OF MUNN & COMPANY, 


From a contemporary print. 


To those interested in studying the progress of sci- 
ence in this country, the first volume is instructive in 
showing the gradual, yet rapid development that has 
taken place. The proprietor, then, Mr. Rufus Porter, 
was a versatile genius. Finding the world of science too 
small, he branched out in several directions ; included 
poetry, temperance and religion among the subjects for 
discussions and essays. Temperance combined with 
science was uppermost in his mind, and gave the jour- 
nal a high moral tone. 

An examination of the business columns of the new 
paper will reveal many curious advertisements, and in 
them will be found some names well known to-day. 
There appears the advertisement of Daniel Davis’ jour- 
nal ‘Electrical Apparatus,” a review of his famous 
book, ‘*‘ Manual of Magnetism,” ranking as the modern 
‘*Gilbertus de Magnete.” Adams & Company’s Ex- 
press advertise largely, stating that it sends daily iron 
chests to Pittsburg for the transportation of valuables. 
‘* The Pioneer and Express Line” takes goods to Phila- 
delphia in three and a half days, in perfect order. Ad- 


vertisements of daguerreotypes and supplies show the 
extent and interest in the new art, at that time, of pho- 
tography. Another interesting advertisement is that 
announcing the Eighteenth Annual Fair of the Ameri- 
can Institute, at Niblo’s Garden, October 6, 1845, with 
its cattle show out of town on the present site of the 





United States Patent Office at left. 














GTON OFFICES OF MUNN & COMPANY, 
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Fifth Avenue Hotel, opposite to what is now Madison 


Square Park. In the issue of October 9 is a short de- 
scription of the fair. Among the 1,300 entries is Hoe’s 
printing press, Colt’s repeating pistol, and Gurney’s 
daguerreotypes, all of them time honored. 

It was quite difficult to get up good illustrations then. 
The engravings were crude, yet they enhanced the 
popularity of the paper in the eyes of subscribers 
and readers. The illustrations covered several differ- 
ent subjects. On the front page of the second issue is 
shown a self-regulating windmill; in the next number 
is a rotary steam engine, 
and in the succeeding num- 
ber appears a picture of a 
traveling balloon, which 
may be accounted for by 
the fact that Mr. Rufus 
Porter was a strong be- 
liever in the possibilities of 
aerial navigation. In later 
issues may be found as 
front page embellishments 
illustrations of a sema- 
phoric telegraph, a steam 
carriage for common roads, 
Brown's dovetailing ma- 
chine, a combination 
trunk lock, and im- 
proved tubular boiler. 

On October 20, 1845, the 
office was destroyed by fire, 
which caused an omission 
of two issues of the publi- 
cation. In the November 
13 issue, the first published 
after the fire, a very 
characteristic editorial giv- 


an 


is 


ing interesting details. The 
loss is placed at seven hun 
dred dollars :* not insured. 
In the number 
many as eight vessels are 
spoken of as being engaged 
in commerce on Lake Su 
perior, while more vessels 
are building. It also men- 
tiens that a line of tele- 
graph is being laid from 
New York to Pittsburg 
aad that one between New 
York, Philadelphia 
Balti:nore will soon be com 
pleted. 

Another item describes the steamship Great Bri 
tain, one of the earliest screw ~ vessels, and attacks 
the practicability of screw propulsion. Railroad pro 
gress is givena prominent place. One item tells its own 
story : ‘ Norris, of Philadelphia, has sent two more of 
his splendid locomotives to Russia.” It demonstrates 
at how early a date the American locomotive was appre- 
ciated abroad, and is prophetic as regards the adoption 
of American machinery by Ruasia. It has been recently 
stated that an immense locomotive plant will be estab- 
lished in Russia, based on American ideas, as carried 
out by the Baldwin Locomotive Works, of Philadelphia, 
for the equipment of the great Siberian Trans-Conti- 
nental Railway, which was at that time projected, but 
which is not yet completed. Another item alludes toa 
great work that is being done in the grading of thirty 
miles of roadbed, expecting it would be completed dur 
ing the winter. The Baltimore and Ohio road has 
177 miles finished. Most extraordinary of ail, in the 
issue of December 11, 1845, is found the statement 
that ‘‘the last project we have beard on this subject is 
that for the construction of railroads elevated on rows 
of permanent columns to be erected in the principal 
streets of this city. We believe this project to be not 
the most visionary, however, and shal! probably give 
an illustration in a future number.” Quite a remark 
able suggestion in view of the fact that it was not actu- 
ally carried out until twen 
ty or more years later, and 
may be said to be the fore- 
shadowing of our pre- 
sent elevated railroad sys- 
tem. 

Captain Eads’ proposed 
ship railroad, across the 
Isthmus of Panama, at 
tracted considerable atten 
tion, because of the ingeni- 
ous application of hydrau 
lic power to sustaining the 
strains on ships. But 
the first volume of the Sci 
ENTIFIC AMERICAN 
be found a ship railroad 
which solves the problem 
at once. It is proposed to 
mount a great tank upon 
wheels, to float the ships 
into it, then to close its 
ends like a lock, and carry 
the whole across the land, 
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and 


is to 
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the vessel quietly floating in the tank or moving| which Mr. Porter was a strong believer, are less fre-| engravings of new inven 
It will be noticed also, ent at Washington is to keep the readers informed 
that less space is devoted to a discussion of religious | about what is going on at the Patent Office. Chemis- 
‘problems and temperance. However much the new try, architecture, gardening and mechanics are among 
proprietors believed in the value of these virtues as| the subjects promised. It is with regret that we turn 
The subject of | touching private chatacter, they did not think that of pers from the first volume, but in opening the second 

volume, September 26, 1846, we find the promises wel] 


lock. 


Other features of the paper include a series of articles 
on the Science of Mechanica, really excellent and worthy | 
of reproduction, on account of the simplicity and apt- 


neas of the experimental 
patents also begins to be 
issued in May and June, 
1845, occupying less than 
a column. 

However attractive 
and interesting the carly 
numbers of the ScrEN 
TIFIC AMERICAN may 
be froma retrospective 
point of view, it did not 
possess the elements of 
and, after a 
brief existence of ten 
months, Mr. Porter de 
cided to part with all 
his interest in the paper, 
and in the early part 
of July, 1846 (according 
to the text of the bill 
of sale), all right, title 
and interest in the pa 
per, including good will 
of the 
types, cuts, engravings, 


SUCCESS 


business, all 


cases and 
parapher 
publishing 


composition 
the varicus 
nalia of a 
office, including the sub- 
scription list, the most 
important of all 
transferred to the firm 
of Munn & Company 
which was founded for 
acquir 


were 


the purpose of 
ing the publication. The 
value at which the 
SCIENTIFIC AMERICAN 
was at that time held, 
may be judged from the 
fact that the purchase 
price was eight hundred 
dollars. The new firm 
consisted of Orson D 
Munn and his friend 
and schoolmate, Alfred 
EK. Beach. The latter 
had been brought ap in 
the office of the New 
York Sun, of which 
his father, Moses Y. 
Beach, was at that 


time the proprietor, and the young men with the en- 
thusiasm of youth saw a great future, under proper 
management, for the feeble and strugyling little journal. 
An office was secured in the old Sun building, on the 
corner of Fulton and Nassau Streets. 
and experience acquired by being in such close relation- 
ship with the great daily 
The interior of this office, as it ap- 
three or four vears later, is shown in one 


young publishers. 
peared some 


of the cuts reproduced from an early print published 


We regret 
to say we have not been 


at the time 


able to procure a pic 
tare of the exterior of 
the Sun building of that 
day. 

The first issue pub 
lished by Mann & Com 
pany made its appear 
ance on July 23, 1846 
\ facsimile of this num 
ber will be found upon 
page of the 
present issue. It will be 
seen that Mr. Porter was 


the front 


retained by the young 
proprietors as editor and 
for a few months his 
name still appears in 
conjunction with theirs 
upon the title page, but 
very soon a change is 
noticeable, and a new 
spirit is infused into the 
paper. What was a 
gain to the general! read 
er at that time ix a lose 
to us to-day, however, 
for we find the paper 
begins to lose something 
of its seecentricities and 
it will 
be observed that articles 
on the Millerites and the 


picturesqueness 


millennium, which was 
expected in 1846, and in 


illustrations. . 
noticed, a list of the patents | discussion of such problems formed proper subject mat- 


quently noticed in its columns. 
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tions and a resident correspond. 


fulfilled. 

In 1847 the Mechanics’ 
Journal, published at 
Albany, by Joel Mun- 
sell, was purchased, and 
its editor, Mr. Robert 
McFarlane, succeeded 
Mr. Porter as editor of 
the SCIENTIFIC AMERI- 
CAN. 

In 1849 Mr. Salem H. 
Wales, now one of the 
commissioners of the 
new East River bridge, 
purchased an interest 
in the SCIENTIFIC AME- 
RICAN, and was very 
actively interested in 
the editorial depart- 
ment till 1871, when he 
retired from the firm 
and became actively en- 
gaged in polities. Soon 
after this he was nomi- 
nated by the Republi 
can party for Mayor of 
New York City, but was 
defeated at the polls by 
the Democratic nomi 
nee. . 

The changes gradually 
introduced in the paper 
began to produce the 
anticipated results, and 
the journal slowly but 
surely increased in influ 
ence and circulation. 
The young proprietors 
were at this early date 
brought into contact 
with inventors, some of 
whom were successful, 
the great majority of 
whom were struggling 
A Mr. Elias Howe was 
one of the latter, who 
frequently called with 
reference to a wonder- 
ful machine of his 
which would sew by 


In like simply turning a crank. His name was soon des- 
manner the Muses began to be neglected, and it will be tined to be known all over this continent and all 
seen that the department of poetry is gradually cur-| through Europe as well. 
tailed until it finally disappears. The most noticeable like the typical inventor, he could not find anyone 
The knowledge change, however, was in the form and size of the paper. | who was willing to risk his capital in this curious ma- 
Near the close of the first volume the important an- | chine. 


Needy and discouraged 


A. B. Wilson, the inventor of the Wheeler & 


was of great service to the nouncement is made that it is proposed to enlarge the | Wilson sewing machine, was also a frequent caller at the 
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SCIENTIFIC AMERICAN, to print it from new type on office, and it was through the agency of Munn & Com- 
fine paper, and to make it of quarto instead of folio size. | pany that he procured his patents. He was much in the 
Every number is to contain from three to six original same condition financially as the great Howe. 


He was 
fortunate in associating 
himself at an early date, 
however, with a man of 
means, great foresight 
and good judgment, 
Mr. Nathaniel Wheeler. 
The great Wheeler & 
Wilson establishment 
was the result of the 
uniting of their talents. 
Mr. Munn and Mr. 
Beach were in this way 
at an early date brought 
into contact with the 
inventors of the coun- 
try, and they decided to 
establish a patent de 
partment in connection 
with the publication of 
the ScrENTIFIC AMERI 
CAN, which had now 
been in existence sev- 
eral years, and which 
was this time a suc 
cessful and infiuentia! 


This announcement 
had hardly been made 
before the office was be- 
sieged with inventors. 
who engaged Munn & 
Company to prepare 
their specifications and 
drawings and attend to 
their interests before the 
Patent Office at Wash- 














LY 25, 1896. | 














in. o. Affairs now moved rapidly and it 
vund necessary to establish a branch 
at Washington. A view of these first 
is they appeared at that time has been 
uced from a print of early date. These 
e were opposite the Patent Office. 

+e Mason, when he retired as Com- 
m ner of Patents, became associated with 
M & Company in their patent depart- 
: He was an able man, very popular 
inventors, and was most successful in 
» to a successful issue the extension 
Morse telegraph patent. This noted 
1 was at this time a constant visitor 
office of the SCIENTIFIC"AMERICAN, 
iltation with Judge Mason. 
( in John Eriesson Commodore Edwin 
ens, and Captain James B. Eads were 


ot , the other celebrities of those days who 
were «onstant visitors at the office. 

In 1°39 the offices in the old Sun build- 
ing » re found to be too contracted, and 
new « .arters were secured at 37 Park Row 
‘now the Potter building), opposite the City 
Hall and the New York Post Office. These 
offices were in a central and convenient 


location and were large and commodious, 

and admirably adapted te the work of 

the oflice. Several views of the exterior and interior 
are shown reproduced from contemporary prints. 

On January 81, 1882, the Park Row office was de- 
stroyed by fire, the second conflagration the business 
had to pass through. The old building was a great 
center for patent lawyers, and a large quantity of irre- 
placeable models and valuable papers were destroyed. 
Temporary quarters at 261 Broadway, corner of War- 
ren Street, were secured on the same day and were 
opened for business the next morning. In the fire was 
destroyed the type plant used for printing the subscrip- 
tion lists. To avoid writing wrappers and not delay 
the issue of the paper, photographic copies of the sub- 
scription lists that had been saved were made, and 
these photographie prints were attached to the regular 
wrappers in the usual way—an illustration of the 





Scientific American. 




















MODEL ROOM AT No. 37 


PARK ROW. 


utility of the science of photography in an emergency. 

The temporary quarters being too contracted for 
the business, the present ecmmodious and well 
lighted offices at 361 Broadway, corner of Franklin 
Street, were secured, where two spacious floors are re- 
quired to accommodate this large business. The en- 
gravings published on another page show the various 
departments of the patent business. . 

It was decided at the time of the Centennial Expo- 
sition in 1876 to publish a supplementary weekly paper, 
which could be devoted to the many objects of inter- 
est shown at the exhibition, and in which articles re- 
lating to the progress of the arts and sciences in foreign 
countries could be published, as well as abstracts of 
lectures and papers read before the various scientific 








and technical societies . at home and abroad. This 
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publication is known as the ScrenTiric 
AMERICAN SUPPLEMENT. No further men 
tion of this journal is necessary, as this paper 
is well known to our readers. About the 
same time the Export Edition of the Scien- 
TIFIC AMERICAN made its appearance for 
circulation abroad. It was practically a 
monthly reissue of the ScrENTIFIC AMERI- 
cAN. During the past few years the trade 
relations between the United States and the 
South American republics, Cuba and Mexi- 
eo, had become so extensive that it was de- 
cided to publish an edition of the ScrEen- 
TIFIC AMERICAN in Spanish. This journal 
is extensively read in ali the Spanish-speak- 
ing countries. In 1885 the Building Edition 
of the SCIENTIFIC AMERICAN was estab- 
lished, and it at once met with publie favor, 
and has acquired a very large circulation. 
It is a monthly publication and is well known 
to most of our readers, so it needs no com- 
ment here. 

The copartnership which had lasted so 
many years was terminated by the sudden 
death of Mr. Beach, on January 1 of thie 
year, thus rendering necessary the conver- 
sion of the business into a corporation under 
the laws of the State of New York. 

The following sonnet in honor of the golden anniver 
sary of the SCIENTIFIC AMERICAN was contributed by 
Mr. George A. Avery, one of our oldest employés : 

TO THE SCIENTIFIC AMERICAN. 
A laurel garlandfthrough thy name we string, 
Since half a century thy work hath grown; 
For at thy birth-time arts were little known, 
And sciences were meagre chronicling, 
Till great invention gave us everything 
Which fosters thrift or soothes the sufferer's moan. 
Those fifty years are long, Thou art alone 
In lapse of years and glories time doth bring. 


And still the senior of the youthful twain 

That started thee aright in thought and deed 
Directs the lamps of knowledge, truth and peace 
Upen thy colamns with a loving pain 

For him who died o'er conscious of thy need 

Of the life work he gave for thy increase. 
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THIRTY YEARS AGO-STAFF OF MUNN & COMPANY IN 1866. 
Group designed by Gustay Dieterich, one. of the draughtsmen at that time, 





[JULY 25, 1896. 


EDITORIAL & BQ9K DEPARTMENT. 
aw | cn :  a«~, 
a - 


W i “ ro. 
ASH GTON © ce fA 
* MUNN 8, Gee 


A 


, 


« 
cant OS 
: res - 


“ 
FEM ee STN | 
. . 4 Pe ws Sane ‘ ‘Rn ht PVs . f = 
ee ee ee a 8 Pak Paw er sie et PL « BIES 
> 
? a 


’ 
“ 


\* 


PRESENT OFFICES OF THE SCIENTIFIC AMERICAN. 





'ULY 25, 1896.] 


—__—_—— 


—eSeTe-.-eeeeee eee 


Scientific American. 





FEED THE LAWN AND YOU CAN ALMOST 
~t=—See the Grass Grow 


Lyon's = = 
Automatic 


Fertilizing 


cawn « 
Feeder « 


(ODORLESS) 


is a neat, light, littie 
mati dissolves a 


® 











diffusing it through as much water as will 
he _ he is clean, odorless, non- 
on your lawn. It produces a dar 


lawn up toa 
Noth 


marred by 


adds re to the beau 
re or boamt places and al 
that something is lacking, and 


pie order, 


ppointment. 


the lawn in a 
in failure 


To 
and the good results so 


that even, velvety a) 80 unive 


chase will prove one of 





device, attached between the end of the hose and the nozzle, which auto- 
st - 


LYON’S CONCENTRATED LAWN FOOD, 


pass through an 
isonous, and will give percep 
-green foliage and a heaithy growth: 


From the July issue of AMERICAN HOMES, Knoxville, Tenn. 
those who have had the experience know how difficult it is not only to bring the 
7 by Aw of uniform vigor but to keep it there as weil. : 
of a home 
luxuriant tuf pai 
the owner is apt to feel a guilty knowledge of lack of proper 
nutrition or care, no matter how earnestly he has sought for a remedy for the scrawny 


appearance, ti 
small ** patch” of grass can be obtained, let it have the thrifty, 
which commana it to all, and hows the care and intelligence of the occupant of the premises. 
It is not every one who can tell just what to do and when to do it, which will make and =e 
and many who have striven hard for the desired results have en 


‘s Automatic Fertilizing Lawn Feeder comes 
mot i itive that itis like many another valuable invention, one wonders 


t thought of lo If this is u . changes appearance of 
the lawn will be marvelous, and ft will only remain forthe lawn mower todo its duty, to produce 


ly 
The editor of AMERICAN Homes has given this 
the best investments a home-owner can make, 


wrk 


~ 





ordinary garden hose in about one 
tible results after one week's use 


a rich greensward on the lawn, but if 
ts, the evidence 7” 


is apparent 


well-cared-for look 


asaboon. Its use is so simple, 
used with regularity, the 


about and so seldom seen. 
Fertilizer a test and is convinced that its pur- 





of one holder and twelve sticks of the food 
We want a bright man in every city in the 
to do special work for us. Pleasan 


J. H. MICHENER, JR., General Eastern Agent, 
956 Front Street, Philadelphia, Pa. 


s. 





For sale at Seed and Hardware Stores, and by dealers generally, or a complete outfit, consist- 


ipmepaid to any edu on receipt of $1.00. 
nited States containing a system of water works 
pay. Smail capital required.. Apply at once. 


t work, splendid 


THE W. W. SPRAGUE CO., UNION Orc Vance, Cuicaco. 


SATISFACTION GUARANTEED or Money Cheerfully Refunded. ~* 


AUTOMATIC LAWN FEEDER WORKS, 
Bidomington, l.,* 
Special Agts.Hlinois, Missouri, Kansas, Nebraska. 
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Valuable Books Free. 


@Woman's World and Jenness [Miller Monthly 
is a mammoth illustrated magazine, every 
number cones of ninety-six to one hun- 
dred and twelve long columns, with a colored 
cover in handsome designs. Its twenty-four to 
twenty-eight pages enol meath are filled with 
charming serial and short stories, poems, useful 
and instructive miscellaneous departments; 
fancy work, household and children. depart- 
ments. It isa popular ladies’ and family maga- 
zine. The subscription price is $1.co per year. 
The publishers desire to introduce it into thou- 
sands of new homes where it is not now taken, 
and make the following w offer 
On receipt of 15 two-cent stamps, we will enter 
your name for a trial subscription, and send you 
any selection of three books from the list below. 


Just think of it! A trial to a $1.00 
Magazine, and a of three books from 
the leading authors of day (the three books 
alone ling for 75 cents), for only 39 cents 
if are not entirel 
sat The number of pages in each book 


SELECTED LIST OF BOOKS. 


No NOTE.— Order the books wanted by number. PAGES 
1 A Yellow Aster. “ Jota.”’ 392 
2 Esther Waters. George Moore. 336 
3 The Man in Black. 128 


Stanley J. Weyman. 
4 Dodo. E. F. Benson vd 


Ships that Passin the Night. B. Harraden. 
Neg woke Life. Wilkie Collins. 92 
7 The Duchess. “The Duchess.” 
8 Called Back. Hugh Conway. 
9 A Wicked Girl. - Mary Cecil Hay. 
11 Wedded and Parted. Charlotte M. Braeme. 


12 The Bag of Diamonds. George Manville Fenn. 176 
13 The Octoroon. Miss M. E. Braddon. io 
14 A Study in Scarlet. A. Conan Doyle. 176 
15 Forging the Fetters, Mrs. Alexander. 160 
22 Maid, Wife or Widow. Mrs, Alexander. 96 
23 Black Beauty. Anna Sewell. 176 
24 Ideala, Sarah Grand. 192 
25 Camille. Alexander Dumas. z 
20 Her Last Throw. ‘The Duchess.” 160 
27 Three Menina Boat. Jerome K. Jerome.’ 22 
25 The Honorable Mrs. Vereker. “The Duchess.” 208 
29 The House of the Wolf. S. J. Weyman. 192 
39 The Earl's Error. Charlotte M. Braeme. 160 
40 A Golden Heart. Charlotte M. Braeme. 192 
41 Her Only Sin: Charlotte M. Braeme. 128 
42 The Idle Thoughts of an Idle Fellow. Jerome. 112 
43 In Durance Vile, “The Duchess."’ 112 
44 A Little Rebel. “The Duchess.” 128 
45 A Little Irish Girl. “ The Duchess.” 160 
4° Loys, Lord Berresford. “The Duchess.” 96 
48 A Marriage at Sea. W. Clark Russell. 176 
50 The Other Man's Wife. John Strange Winter. 192 
54 On Her Wedding Morn, Charlotte M. » 192 
52 Stage-Land. Jerome K. Jerome. 112 
sy At the Green Harraden. 160 
80 Singularly Delud Sarah Grand. 128 
ie : be eet Bobs. Marie Corelli. 9 
6 e four of the World in Eighty Days. Verne. 192 
> Rose Fleming. Russell —" 138 


Dora 
71 Reveries of a Bachelor. 


75 Diamond Cut . iY Trollope 
7° Monica, and A Rose Distill’d. « he Duchess.” = 
7 ae and other Sketches, “Ouida.” 
CIAL OPPFER.—Upon receipt of on! 
, ° will enter four trial sahperiineen. oad how 
a € and pocreans any twelve books desired, 
geted from the above list. The books may be 
e bag one address, or divided and sent to éach 
os e four addresses. extra book sent to 
one senting, Se order for four subscriptions. 
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if it were not genuine. 


FIGURES ADDED: 
WITHOUT WORK. 


No mistakes—no head work—no chance to blun- 
der. The Universal Adding Machine saves mind, 
labor and poner, You push the slides, and your 
| work is done. No cog wheels or mechanism to get 
out of order. Regulay price $8.00, BUT THE FIRST 
HUNDR THAT ORDER GET 'EM AT $5.00 







(delivered free in 0.S.), because times are hard, 
and we want to adyertise the Adders. Every ma- 
chitie guaranteed : ; about it free. 


E. J. HUSSEY & CO. 
8246 JOHN 8T., NEW YORK. 
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The “ Wolverine ” is the only re- 

ver Marine Gas Engine on 

the market. It is the lightest en- 

gine for its power. uires 
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IMPROVED TRANSITS AND LEVELS 
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NEW ADVERTISING NOVELTY 
Something absolutely new for Advortisers who intend 
sire their customers a Souvenir which will be use 
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hoisting in Warehouses, Miils, etc., by power. 61 in ure 
at the Hay Depot of the N. ¥.C. & H. B. R. R. Co., B 
Street, New York, on one line shavfting 540 ft. long (the 
lon in the world). @in use at Lowell M. Palmer's 

Depot, Kent Ave., Brookiyn, N. ¥. Aiso at Con- 
stitution Wharf and Ailas Storebvuses, and others, 
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tisers in the SCIENTIFIC AMERICAN. 
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A HALF CENTURY OF MINING. | perience in the practical routine of Americal mining, 

Some fifty years ago one James Wilson Marshall, a opens up the way to responsible and highty lucrative 
carpenter, was at work deepening the tail race of Sut- | positions in any of the great mining centers of the world. 
ter’s mill. in El Dorado County, California, when be no-| The development of copper mining in the United 
ticed the glitter of gold in the gravel which he had | States has been no less remarkable than that of gold. 
thrown up in his exeavation of the night before. That It had its commencement a year or two previous to the 
When Mar. discovery of gold, and the progress of this industry, 
shall picked up the yellow fragments, he little dreamed especially in the last decade and a half, has been with- 
that he was holding in his hand the key to one of the| outa parallel. From asmall beginning of 150 tons in 
richest natural treasure vaults that has yet unlocked its | 1848 the output grew steadily to 27,000 tons in 1880, when 
weaith for the enriching of a nation. | it began to increase at an astonishing rate, reaching a 

At the time of the discovery of gold in California the | total of 119,000 tons in 1890, and 172,522 tons in 1895—an 
mineral industry of the United States was in its very amount whichis greater than the total production of 
infaney, as may be judged from the fact that the annual | all the other countries of the world combined, This 
output of coal. which in 1895 reached the enormous | rapid increase in production has taken placein spite of 
total of 196,442,451 tons, in 1844 amounted only to 5,000,-| the fact that the market price of copper has been stea- 
000 tons, and that the total output of pig iron was but | dily declining. Although it is worth to-day only one- 
a quarter of a million tons, as against nine and a half | half what it was twenty-five years ago, the output is 
over thirteen times as great, and the copper mines of 
Michigan and Montana are reckoned as among the best 
paying investments of the day. 

This success has been achieved by the introduction of 
improved machinery, and by the administration of the 
mines with a strict regard to economy of labor. Some 
idea of what skillful engineering, combined with well 
directed economy, can do may be gathered from the 


was on the morning of January 19, 1548. 


tuillion tons in 1805. Lead was mined to the modest ex- 
tent of 10,000 tons, and ii was but two years previous 
to the diseovery of gold, or in 1846, that copper mining 
had its smal! beginning with a total output of 150 tons. 

The effect of the Sutter's mill discovery was simply 
magical. Its announcement was received with un 
bounded enthusiasm, and it drew a vast and motley 


army of adventurers to the Pacific coast in search of 
the precious metal. When we consider how crude were 
the methods of recovery, the yield of gold was truly 
In the first year about $10,000,000 worth 


fact that the great Calumet and Hecla mine in Michi- 
gan is paying a yearly dividend of 150 per cent on a 
paid-up capital of $1,250,000, and thic, although the 





phenomenal. 

was taken out 
$40,000,000 in 1849 ; $50,000, - 
000 in 1850; $55,000,000 in 
1851; $60,000,000 in 
and it reached its highest 
point in 1858, when a total 
value of $65,000,000 was re 


this rose to 


D fe, 


[S52 


covered 


Daring these first six 


years the methods of ex 
tructing the gold were very 
uxi therefore very 
The mining was 


in what were 


crude, 
wasteful. 
earried on 
known as placer deposits 
and the favorite 
tus of the ‘ forty-niner” 
consisted of the the 
rocker. the Long Tom and 
the sluice box 

In the course of time, as 


appara 


pan 


the rich alluvial deposits 
became worked out, the 
miner turned his attention 
to the gold-bearing rock, 
und the recovery of the gold 
became a more difficult and 
There was 
and 
eapital, and the gold min- 
ing industry into 
the hands of the engineer 
and the capitalist. The 
pan, the rocker, and the 
sluiee gave to the 
highly orgenized stam p 
mill, with its costly plant 
consisting of stamp batter- 


eostly matter 
a eall for science, skill, 


passed 


place 





ies, atnalgamating pans : 

and concentrating tables rs 

Chemistry was called it aa——-— 
mi in to = cana — 


determine the composition 
of the various ores, and the 
expert metailurgist became 





an indispensable member of the staff of the mine. In| value of eopper has decreased 50 per cent in the past 
due time the rebellious ores came to be treated by | twenty-five years. The above figures are a tribute to 
roasting, and last, and most brilliant feat of all, was the | machinery and good management, which, in the last 
introdaction of the various leaching processes, by | twenty years, have reduced the cost of labor in getting 
whieh in some cases practically the last trace of the | out the ore more than 400 per cent. 
cold has been recovered from the tailings. TOTAL OUTPUT OF LEADING MINERALS IN THE 
Mention should also be made of the remarkable UNITED STATES, 1895. 
development of hydraulic mining, whereby enormous Vel. 
deposits of gravel, which contain only a few cents’ by nen pened theta acl samen “name 
worth of gold to the ecubie yard, ean be worked ata Ge inc dxcccaseghienss cosccvee 386,403,850 36,944,988 
profit. As its name indicates, the mining is done by SD ha Sans cdaiir 0 ccvccae 46,331,235 30,254,296, 
the action of water, which is discharged under enor- Lead, chort toms.......... eeseeee-ee +s 156.8b4 10,182, 768 
mous pressure against the wall of gravel and bowlders, Seatetian aoe  — ie en 
tearing it down and thoroughly segregating the material Alunioum, pounds es otagenie 900,000 495.000 
whieh is then carried through sluices, where the gold Antimony, short tone .............. «++. 433 68,347 
is depusited. Bitaniinous coal, short tone... .... 138,079,406 =—-125, 480,488 
It was natura! that. in the first rush for gold, the less pear . — nig nee 42 gallons. age me oo 
valuable meta), silver. should have received but little Building stome.............-eccecscceecs ad 33.000,000 
attention. There were about two and a half million Lime, barrela, 200 pounds................ 60,000,000 30,000,000 
ounces of gold taken out in 1850, whereas the total out- Iron ore, OMEAONS...... 2... .0seeeeveeees 16,950,000 20,682,500 
put of silver for that year was only between thirty- a Eee —_— 
eight and thirty-nine thousand ounces. It rose to 12,375,-| white rer (oh.i........-. “92,000 poioes 
360 ounces in 1870, and reached the maximum in 1890, Salt, barrela, 280 pounds............. ... 12,521,498 5.844.348 
when it amounted to 54,517,440 ounces. Last year there Hydraulic cement, barrela, 300 pounds 7,694,053 4,597,285 
was 6 decline of about eight million ounces, the total Gag, eRnatary, see END. 7,........-... ames pyaeyped 
being 46,331,235 ounces bpp de — “aa oaaiee 
There is no country in the world where the mining Alem, Gort $00.6 ss ss ceceescccces 75,000 ene 
and metallurgy of gold and silver has been subjected to Roofing slate, squares.......,........ 645,301 2,062,239 
such searching and successful experimental work as Portland coment, barrels, 459 pounds...... renene 1,480,080 
in the United Staten. To have graduated from an Value of total mineral output. .......... ....+.. (9673.881,505 


American School of Mines, and to have gained his ex: | More extensive, and bringing even a greater incre- 





GREAT SEAL FORMERLY ISSUED WITH BRITISH PATENTS. 
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ment of wealth to the nation than the production of 
gold, silver, and copper combined, has been the devel- 
opment of our vast natural resources of coal and iron. 

We have shown that the past half century practically 
includes the history of the development of coal and 
iron mining on a seale of any magnitude. Five million 
tons of coal and less than half a million tons of pig iron 
will cover the output in 1846 ; and although the earliest 
records of the iron industry take us back to the early 
years of the seventeenth century, when iron ore was 
shipped from Virginia to England, the commencement 
of the era of its modern growth may justly be assigned 
to the decade 1840 to 1850. This period saw the rapid 
de of the two great means of transportation— 
the locomotive and the steamship—whose manufacture 
and propulsion created an immediate and growing de. 
mand for iron and coal. Increased facilities of trans. 
portation extended the market for manufactured arti. 
cles ; and, as the factories multiplied, the demand for 
iron machinery and coal fuel increased rapidly. The 
industrial development of the country thus necessarily 
involved a corresponding increase in the output of coal 
and iron ; and the story of our commercial prosperity is 
faithfully chronicled in the tables of our production of 
these minerals. This has risen in 50 years from 5,000,- 
000 tons of coal to 196,442,451 tons; and from 500,000 
tons of iron to 9,446,300 tons in 1895. 

The European mine owner is puzzled to understand 
how we can sell our coal for 30 to 40 per cent less per 
ton than he can afford to 
do, when we are paying 
the miner over twice as 
high a wage. 

The answer is simple, 
and with it we will close 
this brief review: Better 
paid labor produces a more 
intelligent workman and a 
larger output of work; it 
stimulates the introduction 
of labor-saving machinery, 
and renders economy of 
administration an impera- 
tive necessity. 

THE GREAT SEAL ON 

BRITISH PATENTS. 

The letters patent for- 
merly issued by the British 
government were very 
formidable affairs, and in 
the accompanying illustra- 
tions we publish a repro- 
duction of the great seal 
which was affixed to each 
document. The patent it- 
self was a large folio in 
size and printed only on 
one side upon heavy pareh- 
ment. The seal was affixed 
by means of a red cord to 
the lower border. This 
was a very beautiful affair, 
and measured 64¢ inches in 
diameter. On one side of 
the seal is a representation 
of Queen Victoria in coro- 
nation robes, supported on 
either side by female fig- 
ures, presumably Justice 
and Science. On the ob- 
verse side her Majesty ap- 
pears mounted on a charger 
led by an esquire, who casts his eyes over his shoulder 
at his royal mistress. 

The joy and pride of the inventor upon receiving 
this imposing document must have been very great. 
The seal usually was protected by a tin box, which, to- 
gether with the patent papers, were inclosed in an 
outer case of leather, the whole weighing about four 
pounds. The practice of affixing the sea! to patents 
continued until 1877, when the old act was repealed. 
The government fees alone, at this time, were £25— 
$125. These fees remained in force until 1883, when 
the act was again amended. Although the old seal 
added dignity to the papers, the public parted with it 
without regret, and the paper seal used now on British 
patents is found to be cheaper, more durable and less 
likely to get out of order. 
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UNIT TRANSPORTATION REVOLUTIONIZED. 


Taking 


the history of the world. 


pires ? 


countries where mountains 
must first be overcome be- 
fore fertile plateaus and 
populous cities are reach- 
ed, bicycles are superseding 
modes of transportation. In such 
countries, where imports must first be trans- 





other 


porte 


W 


it the world over, there is no doubt but that 
the present is the age of the bicycle. The number now 
in daily use is legion. Yet we are 
confident that this increase in their 
use is but the beginning; the first 
awaking into a realization of the part 
the modern bicycle will yet play in 


The growth of cities can even now 
be partially accounted for by the 
vast increase in the use of cycies 
from a utilitarian point of view—why 
not, then, the future growth of em- 


Even at the present time, in foreign 


“i 


‘d in small cases on mule back, bicycles with 
‘ls and fittings removed are easily and cheaply 
‘ferred. In some countries where machinery is un- 
‘ainable and it is impossible to make roads of suf- 


it width for carriages, paths suitable for bicycle 
8 are being constructed with comparative ease. 


a few Amer- 
ican mak- 
ers have 
raised the 
quality and 
conseque nt 
speed and 
durability 





Statistics show that the export shipments 
of bicycles from the United States have in- 
creased wonderfully during the past year 
and—what is more remarkable—into coun- 
tries, where many suppose bicycle riding to 
be yet an unheard of mode of travel. 
is always a cause and an effect. 
not to be overlooked is the pinnacle to which 


machines are similar in outline to other standard bi- 
cycles, extreme fineness in detail construction is notice- 
able ; and, furthermore, Eagle Bicycles may be obtain- 
ed, when ordered, fitted with their patented Aluminum 
Rims. These rims are especially adapted for inner 
tube tires which are easily detached and repaired. The 


There 
One cause 


of their cycles. Certain 
American bicycles are 
now in greater demand 
in foreign countries and 
even in England than 
home productions. 

One of the most nevel, 
yet popular and satis- 
factory machines, is ma- 
nufactured by the Eagle 
Bicycle Mfg. Co., Tor- 
rington, Conn., U. 8. A. 
While in the main their 


brought. 


world. 





swaged, tapered and reinforced 
is an innovation and illustrates the high point of excel- 
lence to which American machines have lately been 
The success of the Eagle Bicycle Mfg. Co. 
Some of their machines are now 
being used oy the emnted Asap of New York, and 


has been remarkable. 




























rims, while very lig! 
are extremely 
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heat. 
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Smid 
shipments of Eagle Bicycles with Aluminum Rims and 
Cold Swaged Frames are being made to ali parts of the 
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by moisture or 
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Their immense factory at Torrington, Conn. | 
devoted exclusively to the manufacture of high grade 
bicycles, is wonderful, in view of its special adaptation to 
the purpose, and the costly machinery employed.— 
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(6899) H. A. B. asks: 1, How many 
feet of No, 30 German silver resistance wire would it 
take to reduce a current of 20 cells Mesco dry battery (in 
series—about 6 amperes with a potential of about 30 
volts) to yyhe— Of an ampere, and about what would it 
cost? A. Approximately, 220,000 feet. You would do 
much better if you would employ some other type of re- 
sistance, or if you would use firer wire. Thus one fourth 
of the above length of No. 36 wire would answer. 2. 
What is the best mixture with which to launder col- 
lars and cuffs and shirts? A. It is more a matter of 
manipulation than of starch. You may add a little 
paraffine wax. A sad iron with an irregularly roughened 
surface ts used. 3. What would be a good colorless 
enamel or lacquer? A. Celluloid varnish is probably the 
best colorless lacquer, although white shellac answers 
very well. The formula for colorless lacquer wonld de- 
pend upon the metal, ete , to which it is to be applied; 
no general formula. 4. How can we get rid of those 
smal] red spiders that stay in the woodwork of a house ? 
A. Try using borax around the cracks; it is doubtful if 
anything will be very efficacious. 5, How must I charge 
the induction coil described in “ Experimental Science” 
to get aSinch spark? A. Make it twice as large in its 
lineal dimensions, and wind secondary in six or more 
sections. 

(6900) G. C. W. writes: I have 25 cells 
of storage battery which I wish to charge and use about 
10 hours aday. I also have a 110 volt direct current 
line at my disposal. Is it the best to connect the cells all 
in series, and then in series with a 110 volt lamp, and let 
it charge while using, or would it be better to puta 50 
volt lamp in series? The reason I wish to use the storage 
battery is to get a steady current; the charging carrent 
varies at times. If neither of the ways is correct, please 
advise what is best. A. The lamp will cut down your 
currenta good deal, leaving you about half of an am- 
pere of charging current when connected with the bat- 
tery. This will make the charging very slow. Other- 
wise the arrangement will work. Always charge in 
series. 


(6901) H. B. L. says: Will you kindly 
advise me through the columns of the Screntzric 
AMERICAN as to the best paste to use for attaching paper 
labels to tin? I am now using a paste, the basis of 
which is dextrine, but it leaves the edges sticky, and a 
preliminary application of acid is necessary. A. 1. 4 
parts shellac, 2 parts borax; water, 30 parts ; boil until 
the shellac is dissolved. 2. Add 4 ounces dammar var- 
nish to 1 pound of tragacanth mucilage. 3. Balsam of 
fir, 1 part ; turpentine, 3 parte ; use only for varnished 
labels. 4. Butter of antimony is good to prepare the tin 
for the label. 5. Venice turpentine added to good starch 
paste makes an excellent mounting mediam. 6. Use 
liquid glue or glue dissolved in acetic acid. 7. Add 1 
ounce of tartaric acid to each pound of flour used in 
making flour paste. 8. Add 10 per cent flour to traga- 
canth mucilage. 9. Corrosive eublimate, 125 parts; 
wheaten flour, 1.000 parts; absinthe, 500 parts ; tansy, 500 
parts ; water, 15,000 parts. This cement is useful for 
vessels which are kept in a damp place. 10. Starch, 100 
parte ; strong gine, 50 parts ; turpentine, 50 parts ; the 
whole boiled in water. This cement dries quickly. 

(6902) G. J. O. writes: I would be 
pleased to have you inform me of the method or process 
of amalgamating zinc properly. A. If you will rub on 
mercury with a strip of zinc used as the rubbing tool 
© | having scraped your zinc surfaces and dipped them in 
"| weak acid, you should have no trouble in uniformly 
amalgamating them, You may try dipping in an acid 
solution of mercury, nitrate or chloride (corrosive sub- 
limate), or simply rub the clean zinc wet with acid with a 
lump of corrosive sublimate. The latter is a most dan- 
gerons poison, and rubber gloves should be worn in using 
it, and if there is any cut on the hand, do not attempt the 
process described 


(6903) J. H G. asks (1) how to make a 
good cement for hard rubber. A. Dissolve bleached 
gutta percha in carbon bisualphide. Cement, and when 
dry brush over carbon bisulphide in which sulphur has 
been dissolved, or take equal parts of pitch and gutta 
percha melted together, and linseed oil is added, which 
contains litharge. Melt until all are well mixed; use no 
more of the linseed oil than necessary. Apply warm. 2. 
If the voltage of an induction coil is known, how ean 





the length of spark be found? A. As an approxima- 
| tion allow 10,000 volts to one-tenth inch. 8. How ean I 
| make a heavy white amoke which fs sot polsosous? A. 
Mix hydrochloric acid vapor with vapor of ammonia, or 
use steam. The latter, except for its dampness, is the 
most satisfactory on the large scale. 


| (6004) H. 8. H. save: Will you please 
inform me where I can get information in regard to var- 
| nishing maps and drawings or, rather, preparing for var- 
nish ? A. Stretch your muslin (ordinary cotton staff) on 
& wooden stretcher by means of tacks, cover your map on 
the back with an even and thin coatof good boiled 
starch or flour paste or other sticking materials, no mat- 
ter what, if it only sticks. Lay the map on the cloth, 
only taking care to do this smoothly and to avoid 
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avoid friction over the map itself. Let it dry, and the 
work is done, In order to avoid wrinkles, it is quite ex. 
sential to let your paper map, after being covered with 
the starch paste, soak for a few minutes, so as to give 
the paper a chance to expand from the moisture. It wil! 
then, while contracting from the drying, obtain a very 
smoothly stretched surface. Bookbinders s)ways care. 
fully observe this when pasting papers on book covers. 
ete. When dry, size with a weak solution of gelo. 
tine and then varnish. A good varnish for paper and 
Uae lenge tn ets alihiediantin tates sandarac, 3 
parts ; dissolved in a mixture of 3 parts turpentine and 
& parts of alcohol. These ingredients, with the excep. 
tion of the turpentine, are placed in a tinned copper ves. 
sel, in a bath of hot water, and are stirred for severa) 
hours until the gums are dissolved; the turpentine ix 
then added and the stirring continued an hour longer. 
after which strain the varnish and set it aside for use. 


(6905) J. H. G, says: I wish you would 
give a receipt through your valuable paper to make an 
amber oil varnish, same as the best violin makers use. 
Also how to apply same. A. The true Cremona varnish 
is of unknown formula; its preparation is a lost art. 


Se ETE TSE 
Ry Gh . the place you rub with a piece of clean paper, so as to 





Amber, fased...... Sbbecsdtdehensecesss. DB C8, 
Oil of turpentine. ...........cccecceceeee 5“ 
Drying linseed Of)..... .......000-e00000..5 
‘The following is for a spirit varnish : 

WRI sce ccesvccecesccdsecensccessecesce cd dr. 
Gamdarae. ......00000 -ssseecvescccsec-ceeed 
SIR ae 6s “ 
Alcohol........ cageescesoccesecesecccess SB ff. on. 


coats, ete. It should be done by an expert. 

(6906) 8. F. says: Can you give mea 
table which will show how far a safety bicycle will rol! in 
feet with each revolution of the cranks ? 








Gear. Distance.; Gear. Distance. 
Inches. Ft Inches. Ft. 
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B.... 18 6 bo) 
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70 51 
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(6907) J. L. Q. says: Will you kindly 
inform me how to make and what different articles to 
use to make carton pierre such as is used in the manu- 
facture of ornaments for picture frames? A. The fol- 
lowing is a formula for such a composition : Glue, pre 
viously dissolved in water, 13 parts ; pulverized litharge, 
4 parts ; white lead, 8 parts; plaster of Paris, 1 part ; 
very fine sawdust, 10 parts. Oil the moulds in which it 
is cast to prevent adhesion. 
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Perin’s French Band Saw Blades. 
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§ tuilding construction, T. Jones.................... 563,278 
= a | Batid construction of, J. T. Wilson... 563,529, 563,530 
a UE Bis MC thei condsaasoegacovet 563.617 
: 4 turner. See Hydrocarbon burner. 
o utter worker, W. F. Waters..................c.0005 563.698 
2 o jatterfly, artificial A, Be SN es nvcsdevacs es 563,489 
e = | Button, W. B. H. Dowse. ....................csseee, 563.460 
©} = tton, collar, B. W. Creecy............ . 563,452 
$ > | Cable banger, A. 8. Diebl....-....--0--00..eeeeeees 863,263 
= = | Cable terminal attachment, A. T. Welles 563,342 
= | Calcium compounds, producing, T. L. Willison... 568.527 
° @ | Calendar for watches or clocks, perpetual, J. D. 
> é oan. sstibusensen vintheaneetdah aniibin cininds « 563.268 
= © | Calling apparatus, individual, W. W. Alexander.. 5 
= ll zine, C. Umbach...................... 563, 
. Can cleaner. Hi. MeCornack. 
oC ner ER ee ee 
We Carry @ Complete Line of Bicyele Fittings. | Can cover. milk, T. W: Forster (5 eco... 
WRITE FOR PRICES, D . ie for making, A. F. Remy............ 
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Ty CHICAGO. I  ccnrsnnverdindssvielenins -otheutvasteld 
‘ae . Car im, street. C. W. Carter. .......ccecccccsessees 
Car construction, C, W. M. Smith...... 
Car coupling, J. C. Look........... 
0 NY Car coupling, L. L. Moore........ ‘ 
Car coupling, C. Perkins.... —..... 
Car coupling, D. J. Sebulte (reissue .... ........... 
Car draught ringing. railway, F. L. Lamker 
ac @eecacse Car fender, BR. C. Hoyer.............. 
Car feuder and brake, J. Matzinger. 
: — Car fender, automatic, D. Bentiley.. 
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Cards, playing, C. B. Rosenberger................. 563.619 
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Carpet sweeper, F.C. Curry.. ... 563,710 
Iitustrated $12 page Catalogue sw r, C. King....... - +» 563,388 
free to munufacturers and fore- a . ey G. 8. Colburn . a 
men. Case. iA Coaceccscosvncqnsceessthepebelinks 563,58 
. guard, J. W. Winget..........-- ser ceecees 563,634 
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ides Clamp, A. 8. Hill 563,501 
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TO INVENTORS. 
An experience 
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Acid K. ai —— 
__ aR 563,382 
Adding machine, F. Wendt. 568.435 
ae brake, W. a Té..---.- 563,612 
r compressor, J.C. Gith ATT 
Alarm. See Burgiaraiarm. Fire alarm. -" 
Amaleamator . 563,705 
Animal trap, ©. L. Parker....... -. 568,682 
Aunealing metals. H. K. Jones.................... -- 563,380 
Annunciator and fire alarm. combined, M. Gari... 563,269 
Apron clamp and whip socket, combined, H. 
Army accouterment, W. 8. Oliver.... +» BAO 
Athiete’s supporter, J.J. Pfister. .................. 563,408 
Axle, ball bearing. A. C. Farnsworth. 2202022770222" 563, 
Axle boxes and apparatus therefor, manufacture 
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~— press, 2. * Bisbee ide Vidadvan cubglteeede 3 fan 
ing press, A. Pecan ob buss duabdaanblie detec 
lark rossing device, A. M. Foster................... 563.584 
basin, etc.. wash, C. H. Moore....................008 563,672 
battery. See Storage batter 
fearing, rolier, Bender & Muelier............ ...... 563.251 
Bearing step. ball, W. H. Rook, Jr................. 563,720 
bed. folding, Vocke & Lungstras ............ 
clothing, device for airing, Merrill & Butler. 563.390 
brace and mattress support. J. D. Wilit- 
563,633 
. 563,318 
Bic 568,292 
Bicycle look. ©. MSL Gscbdibots s. cvvcotee 563.396 
Bicycle rest, H. H. Covert..................... .. 53,570 
cle tool box and seat, F. Whitney.............. 563,586 
Bil chalk holder, fF. V. Noyes...... bathed . 48 
cue tip fastener, W. Woeble.. «+ RT 
, tem 7. J. W. Wood..... .. BR 
nding im ent, C. E. Alishouse................ 568,542 
or ty T ereter. G. H. Barrows. .. .. . savers 
'. SD sescccettbibeiieedectactés ? 
soiler. See Steam boiler 
toller flue cleaner, G. ©. Brooks. .................. 563,661 
soiler flue cleaner, C. B. Calder............... .. 68,707 
took. check, W. W. White 00.0000. 563,700 
look leaf holder, N. A. Judd... ......... 6666660405. . 
ook, memorandum, F. J. 
soot or shoe stretcher, ; 
foot tree, Mobbs & Lewt 
soctle, W. A. Hubener 
fottie filler, W. H. 
bottle, mucilag , D. 563, 
, non-refiilable, A. Friedman................. 563,713 
tie, non-refillable, R. J. Watts... ............ 563,339 
bottle stopper, W. EB. Cook....................+. 563.568 
fottle sto) Sin SED ot one osouseeeccceostes 563,469 
wii ley, ¥.G. Dokkenwadel................. 563,362 
box. ‘See Knockdown box. 





racket. See Stage bracket. 
rake. See Air brake. Car brake. Fluid pressure 
brake. Wheel brake. 
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Harks’ Patent Araticial Limbs 


Have been indorsed by the Scientific American 


from 1853 to 1896, as 


illustrated below. ..... 
They have stood the tests of 














American. | nearly half a century. 
They are to-day pre-eminent 
SS NS eee throughout the worid. 
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Marks’ Patent Artificial Limbs with 
Rubber Handsand Feet are Natural in 
Action, Noiseless in Motion, and the 
Most Durabie in Construction. 

The use of rubber hands and feet on 
artificial limbs simplifies the construc- 
tion, so that limbs can be worn for many 
years wi requiring repels. - 
sons engaged in every conceivable occu- 
pation operate with them to great ad- 


vantage. 
Over 17,000 in use, scattered in all 


parts of the world. Eminent su ns 
udges commend the 
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Rubber Foot and Hand for their oer 
eeventngns. At every industrial exhi- 
bition where exhibited they have re- 


indorsed and purchased by the Un 


pages, with over 300 illustrations, sent free. Also a formula for taking measurements by which limbs 
can be made and sent to all parts of the world, with fit guaranteed. Addrise 


A. A. MARKS, 700 BROADWAY, NEW YORK CITY. 
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= tube switch, L. G. Bostedo 
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combination screen and storm, J. Branca... 
ban M. Kallman. .......-....--ccesesnee - 
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Condense! Ra : 
Conduits or pipes, apparatus for threading, T. J 


Cotton cleaning and bat forming apparatus, W. 
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Oa receipt of $1.25 we will send by Mail or Ex- 
press prepaid our No.1 Hand Drill. The nickel 
plated steel chuck has three jaws and will hold 
round drilis of all sixes up to A inch. The head 
and handle are polished ybola. The head is 





hollow and contains six drills of various sizes. 
The cut gears are speeded 4 tol. Length eleven 
inches, weight twenty ounces. We guarantee 
this to be the handsomest and best Hand Drill 

put oo any market 
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93 Reade Street. NEW YORK. 
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We eapply the greater part of all the Hack Sawa, 
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Boiler Oil and Compound Injectors. 


Feeds constantly by the drop, Oi! or 
Compound, into feedwater while boilers 
ure in operation, positively removing and 
pegventing scale in steam boilers. The 
only machine upon the market used in 
Sugar Refineries, Breweries, Steamsbips, 
where steam is used for cooking, etc, 


Patentee and Manufacturer, 
WILLIAM BRAMELD, 
Paterson, N. J., U. 8. A. 
The Perfect Milk TEST is a boon to 
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holders, egtentarty © useful for testing 








the value of each co child 
Can operate the test, and tell 
accurately the quality of the milk. All 
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Electrical selector, 8. 8. Bogart. . os 
see Water elevator. 

Flsvator gap, W. valve, W. W. Doolittle. . 
5 PIIEIIO. 00 cn oc ccceescvveee 
Gas engine. Gas, oi) or vapor en- 

gine. ‘Gas oF ox? eoutine. 

pase coomeess. & Logan 
and + pe 


prescript 
pls L. J. tA 


Filter, O. EB. hicier. 
Filter, J. M. W 
Fire a) 

Fish trap, 


mann 

Fluid pressaee 5 brake, automatic, A A. H. Moyes... 

Fiy screen, T. H, Sehuets 
Furnace. ‘Jee Glass tank furnace. 

hot water beating systema, C. 8. 


Farnace for 
PUIIGE. «nccsncpocanecsegocccesecconseessbecesescecgs 
| gay nay Ze aE cocccesetesesdecssedeqnes> 
Cams appa —— we M. ‘Nachmias. 
ame counter, BE. Hayden................++++ 





Game device, 0, W. 8. BBG. ncccqncecapnammnacooesn® 
G ~ e drier pA S = Taylor & McLauth- 
Garment book, self locking, #. ¥, & B.A. Smith: 

su er, cast off, G. BE. Adams. 





. Shelton 

= - ng hydrocarbon. T. L. Willson... 
as, oll or Va) ote: , . 

Gas or oil anor A. W. ~ eegeue 
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The“ Crystal Fountain” Filte 


The only 











GERM- 
PROOF 











The only Filter having an 


Automatic Cleaner. 
Filters For Household Use. 
Filters for LARGE SUPPLY. 
THE GEO. L. SQUIER MFG. Co. 
Pitce Sept. A$ Buffalo, N.Y., U.S. A. 


THE WHITNEY MFG. CO. 


P. 0. Bex 1094, 
HARTFORD, CONN., U. 8. A. 


Presto— 
Drill Chucks 











G 
~ 








Gun, 








re aS Nickloy . 


mer, 
Hammer. t 





Hinge us & Knapp..... 
Hinge and ieee 
Hinge, and window ioe Te, COUROREER. 6.0. ccesecestecees 
H inge, BO, BE. We BGR... .cccccccvcccsceecce 
Hook. See Germest it book. 
Hook and ey 
Hop picker, 
Horseshoe 
tan burner, E. G 
ce 


rr 





TWIST D TOOL CO,, CLEVELAND, O., U. 8. A. 


ED TWIST DALE OF ALL ‘sryies 
Use vist but STANDARD. Ask dealers or write us. 








and big salaries depend on a man’s abili- 
ties. They depend on what he knows 
The men who work the longest hours and 
get the smallest pay are those who put 
their brains to the jeast use. 

There are three pursuits in which the 
wages and salaries are liberal to bright 
people. These people are skilled mechan- 
ica, engineers and machinists. The more 
they know, the more pay they get. 

Lerd’s Power and ‘Machinery Magazine 
will teach ambitious workmen the most 
valuable lessons. It will be worth more 
to them in one month than it costs for five 
years. It covers most thoroughly the en- 
tire feld of mechanics, engineering and 
machinery. Published monthly for $1 a 
year. Send 10 cents for a sample copy. 


GUILD & LORD 
618 Atlantic Ave., Boston, Mass. 


Cogs PO, Cams Some . Company, A. 


pom Patent Boiler Brace 





































peemeet from a solid piece of best FLANGE Boller 
2uL. No welds, stronwer, stiffer and lighter than 
iron, takens irow & Mt est Oo » Coatesville, Pa. 
Phita. office. ¢@ Bullitt Lidg ¥. oft jee, 2 B’ way. 

WRITE FOR ¢ . 














ome | pow 





ENOCH Cereson. 
ice Pres’t and Sec’y. 


the Wi. D, Gibson Compaly 


Manufacturers of 1 of Superior ok eae of Every 
BICYCLE__—_ 


Ay ENGINE aoe ve maa ( ‘SPRIN 
ELECTRICAL MAC 
Sasol Tobe matteo | 


Special Springs for all purposes made to order. 





Mechanica! experts requiring Springs would do well to 
correspond with 


12 & 14 SOUTH JEFFERSON St. CHICAGO, ILL. 


The Best _ Polish Ever Ofered to th Offered to the Public. 


BEC AU*E-—It wil! hola 
its luster longer than any 
Other. It will ish any 
metal that will @ a finish. 

It will pelish bot metal as 
well as cold. it will work in 
January as well as in July. 

it contains nothing in- 

rious to metal or hands. 
t works quicker and easier 
any other. It takes o- 
Produce a is 
than with any other. ay 
ufactured by 


4. L. ROBINSON & CO., 








Pittsburg, Pa. 










Determines 


A Regular Compound Lever 


Emerson Power Scale 


the amount of power that an engine 


or water wheel is capable of developing. Determines 
the amount of power transmitted by belt or other- 
wise from engine to shaft, or from one shaft to an- 
other, or the amount of power required to drive 
t any one or more machines. 

The force of power transmitted is actually WEIGHED val: 
this Scale, the same as a load of coal or a barrel of sugar is 
weighed by the ordinary platform scale. 


Scale. No Springs or Friction Attachments. | § 


SEND FOR CATALOGUE. 
THE FLORENCE MACHINE CO., Florence, Mass., U. S. A. 


A. A. Sto! ecee 

In and out indicator, J. P. Milbo 
Inca 1 — wee lighting substance. C. ‘ von Wels- 
Indicator, See In and out indicator. Pool pocke! 
aaa. sed Indicator time and station dice 


8 
Inkstaind, 


a 
Insulating sheet, electrical, C. W. Jefferson... ... 
Insulating sheet, flexible m' miea, © . W. Jeterson.. 
Insulat’ hyonce for electric railway rails, P. 


een A. B. yt - hee a gutantineeneosesueameduipecact 





Lead 0. 
Leather, F. 











Lock for ie plot bar ou closures, F. W. Mix 
7." bar coupling, W. P. Shelly 





Loom, J. __ RS geRErEG tam 
Loom beam conn ie or lock, J. H, Northrop. . 

Loom b aoe mechanism, 0. W. Schaum... 

Loom ing mechanism. * teres & Roy... 

Loom shattle PS 0 Re otemee 


= Ze huttle actuating ES Wicks & 


Bd piling or stacking i wm 1 
casuring | device levies. land. & W. Havene! G De a iune 














banical pon te Ww. 





M -_ _ Water meter. 
vi u's Sec Windmill. 
mach 























ing monitor, O. P. Briggs............ 
iniog machine, J. M. McHugh.................+.. 
Mining older SA Atte T. B. Ladium. 
odel : 
Mole tr 
Motion, for ASS A. Boucharat... 


Motor. See Electric motor. Mechanical motor. 

cg) eect J. Gurietiansen 
Multiphase aenersios, caipouna’ wouedl’ 6.8: 
- si aan er ta, 
Musical instrument sounding post, A. Renner, Jr. 


i 





caste: coach, .F. : 
cracking and feeding macbine, combined, Hi. 





iis Fa tnaccentivesccncsdasssell eedcesescceses 
Nut lock, H. RB, Rowland... 


Pree eee ere 












ae and Coilets. 


EB Counterbores, etc., 


563,65 


raat 
-: Sane 








Drills, Reamers, 





Can be chenged withont stopping the 

DRILL SPINDLE. 

coment ea 
Salle 


+7 Hydraulic Engine. 


THE ONLY AUTOMATIC 
AIR-FED RAM. .... 
Pumping capacities up to 150,00) 
gallons per day. 

HIGH MECHANICAL EFFICIENCY. 
Water Suppticd 
Small Town W: 















jon, 








== MINING MACHINERY. 


Diamond Prospecting Core Drills. 
MINING DRILLS AND AIR COMPRESSORS. 


ae Central Valve Engines. 





M. C. BULLOCK MFG. CO. 
1175 W, Lake &t, OHIOAGO, U. 8 A. 
DO YOU WORK WOOD? 








Rowley & Hermance Co., Wiliiamsport, Pa. 





order. Tron and TEE Tiachine 
HAIGHT & CLARK, ALBANY, NW. Y. 


Special Machinery, Dies and Tools 
Sub Press Dies 





A SPECIALTY. 
GEO. M. GRISWOLD, Need 
183 St. John St., be S wi) 














LY 25 es Scientific 


o' 
out, $1.20; 


e.3 
$3 50; Ladies’ 


800. ; 3 blades 


vip ts a 


° extra. 
1.00 per *™? 





American, 


ST SSSFF SESS eee Sere ee eeeeee Heesteeerees 











ENTS WANTED. 
NOVELTY CUTLERY Oo., 2 Bar St., Ca wrow, € OnI!0. 


p.:DDLE _YOUR OWN CANOE! 

































of al _notrivances ever invented 
THE LAYMAN. PNEUMATIC BO BOAT: 
‘ es Weighs only water- 
tight er Cass be propeled by the fect with Gcoupant ino Comnfortable stig 
posit Best ties od lite: Tt ag free Pree illteernved 
Can es weibe to taylan PREUMATI®' Bont &'SPonting GOODS Co., 32 West 
29th Street, New York 
Wen snufectere Tents ¢ of 
fora noetypd! 
We have beg 
and know bow a : > 
We have mal 
me 5 Gong HOW IS YOUR MUSCLE? 
Weare now 
‘ ou FLEER’S GURU-KOLA GUM is a muscle 
“kp ict petite Gnd puts the theyclist io Onc trian tor lone 
ldetr a 
ono , ote runs. It ie an ideal tonic for athletes and brain 
address and olx conte a scientific certainty. Six packages by mail, 25c. 


107-109 Chestnut S8t., Philadelphia, Pa. 


GEO. B. CARPENTER & CO. 



























phance for, H 


as Ome, NAS and fan. E. D. Shaver...... 





201-3-5-7 So. Water St., CHICAGO. 





Do You Want THE BEST | ks: 





Latest Improved 
ANDZRSON AUTOMATIC 
e eLetter Copier «« moner Send" one two. the he tenes | a 
Gutme in 1g seconds, wi al 
Q est = Simplest = — Best. Hand- Hook snd price list elep ones | 2° 
nted. and Materials, ention Amer- 
ANDERSON can). STONE CITY TELEPHONE 
COPYING MACHINE CO., are, BaD Het, Aitinota, nN CO. 
43 Leonard Street, ewe guarantee 4 be non- 








Room 9%. New Yor«. 


ALCO — 
VAPOR LAUNCH. 









PRESIDENT CLEVELAND’S 30 FOOT ALCO VAPOR LAUNCH, 7 HORSE POWER MOTOR; 
SPEED, 9% MILES PER HOUR. 


No dangerous Naphtha or Gasoline used. No disagreeable vibration. Motor and Helm controlled from bow. 
2, 3, 6, 7, 12, 14 and 20 Horse Pewer. = Send 10c. in stamps for catalogue. 


MARINE VAPOR ENGINE GO., Foot of Jersey Avenue, Jersey City, N. J. 


The Best Casting Wire-bound Wood Rills 
REEL ON EARTH. make the wheels for the 

















wee See Fare reeiste: 
jator. See a Feaulator. Speed regulator. 











ee so apnases Ee a Poteet 
= va ane ner. J. 
= ao MAES OB BI ..n.00cc.cccccccecd 


age Offset, LA 
ate! carriage pisto: 
sawing machine. isa band, T: W: Gain.: . os : ‘ 
ran oe apparatus for producing, A. L. 
MN: onccncecesaebhinhssschecebt’ cép tench benccee 
Scenic theater apenretes for producing cloud 
effects, Oebring & Tucker..........0....6005 ss. 
Scenic conser apparatus “for producing moon 
effects, Oehring & Tucker 


Scenic eecter p—h, W. R. Patterson............. 
Screen. See Fiy screen. 












A. H. Moves 
Sealing machine, bottle, R. 
seed delinter, cotton, R. KR. Bo 
Sewing machine, sol Fretich 
nade attachment, window, J 
Sbarpener, lawn mower Matta, 3. ‘R 
Sbears, H. F. Di 


A guns, ste hee mime) eobmaeee 





2 





§ 
é 
Shoe wetene. A. 
§ 


poeta apparatus, E. R. Draver (reissue) 
Signal system, electric police, C. EB. Scribner...... 
Signal ‘oan apparatus for selective, ¥ R. 


outs Sepasaben, electric, Turner & Chapman 563,336 
Signalt paratus, electrical, 8. 8. Bogart....... 563,442 

Sein bolder, L. O. Siith....--...--. nese... 563.513 
Smoke consu . Hamann & Voegeli 563.483 
Soap tablet banger, 8. J. W -. 563,635 


, 





r, Pe ccdaiseces ++ qnihna ce 563.544 
tor, dyna (, E, Scribner... — 563,317 
ad figubitn machines, thread guid 


Speed t 
— 


uare, Ls vot cutters WEL Goldsberry buboee 


i 
aa 











Punctured oa be ridden generator, tubular, J. Buckley............. 
See erteuats oe: Pat. 1096 jf un emergency. No wheel ta Sa aes ial ‘contrsiis ‘ba, 
winding of the line. expensive Te oom. Strongest for thet —_ rEpfesr aout Stencils, apparatus for ‘pevdyeing, 3. Brodrick 
Gens For civenier. know about bem. Write for circular. Stone dressing ‘aachion tiadail & Maly... !... 
WHEELER- Ss N BROWN & CO., one dressing mochine, 
McGREGOR » EN Stopper. 
REEL CO., 140 East 4th Street, - DAYTON, O. = ye ig fe 
Ranch F Milwaukee, Wis. . Ag safety y tank for gasoiene, A. Midgley... 
THE BEST OILER IN THE WORLD! ELECTRICAL, 3 | upto DATE og i, ene 
Price BICYCLE = Sw =. See patch tube switch. Blectric 
’ a PRICES. gwitch, AES A SSPE ac HM 563,376 
1 Bwite and mate, D. F. Carver...............<2+++s 





PHOTOGRAPHIC 


NY THE «BEST @ Lit 





has won every test in| — wholesale and Retail. Pamphiet, 6 pages, free. 
competition with oilers. 2. Pt 2 

sates the supply of olf to 8 nleety. 4 The neatest and | MANHATTAN ELECTRICAL SUPPLY COn 
shown at ( hicago, the Punrecr onltbaal I. oh 30 Cortlandt Street, 











CUSHMAN & DENISON, 173 Ninth Ave., New York, N.Y. DURABLE—CHEAP— GOOD. 

Pai 
CYCLIST 8. EER Bite aie mune Ease ras 
ven 8 the li t 
cette a eRe ae me by some of Teck are Be vt Coal K'GnaPHITE 
(oot s peated hate ra | PAINT is cls te and does not scale oF © 
smoking. One sent Pevins mais, kines oy Price. 25 iD VARNI tea 
say. Price, § 
ae » ee gate ebae,reowiet of price. Give | EAGLE PAINT AN ISH WORKS, 
he J. A, Wilson, Jr., aca ree © 


_P. 0 Box 986, 


 FRUKLNS MILES NSF, 


AS -v [SCREWS 


500,000 PAIRS OF. 


«_Niagara Pedals 


Are in daily use under our sweeping 
~ +». GUARANTEE... 
See that you make, handleor - - 
° ride no wheel without them. 


NIAGARA CYCLE FITTINGS co. 


BUFFALO, | ms Y. 


ST. JOSEPH, MICH. 




























witchboarda, testing yee for multiple, C. 
aro 
Switch stand, A. B. Fi 
dog Ne isms, on i. i Sobimmel.. 
Tannin and making i albumen, R. Gottlieb 
— liquor, F. urliowa 

ing device, 


ing and connect 
reaching Lae ys for, 
telephone ciroeuit, C. B. Seribmer................... 


Tel nny AT ae Scribner & 








MAAS 


Telepbone ‘ es, multipie switchboard sys- 

tem for, ©. 8. A aa etreseseconae 
signal ng Gone i Shaws 
yaem, J. Pi a5 “ptzecesessseeres 
nes of current distribution for 












Cycle Manutacturers’ Supplies of Every Description 





sas | crerhangy gic 

















ALL classes of 
law with 4 Sv ae ¥ heat. howe’ are 
preparing fo 


© plan of life. 
undreds of testimonia'!s we 








FREE. 


The pone 
Correspondence School of Law, 
38 Telephone Bidg. DETROIT, WICH. 














sau | fA AChance for Mechanics 


To Obtain a Cycle FREE. 


The Perfection of the Bicycle is called the 


RACYCLE NARROW TREAD 


built by the 
Miami Cycle and Mfg. Co., Middletown, 0. 


We will present ABSOLUTELY FR @xpress pre- 
paid, a $ 1896, SAL Che NARHOW TREAD, 
to the mechanic or party whe is the first to send 
us the correct solution of the following - 


- 45% eetao .....-y 
# i 
mewcencane~ 35% i et. me 2 


acyCle - 


CRANK HANGER 


kit 
F- Ye-> 






_-.- -s=-!He~% 
---- 4% reao. cad 


Bicycle 


+ CRANK HANGER. 


Cut No, 1 is a sectional view of the RACYCLE Crank 


Cut No. 2, a sectional view of the Crank Hanger 
generally used in Cycles throughoet the world, 
The da fro pte ott of crank in the 





inches; but the ball 
} are i in the hubs of the 
es farther apart 


ACYCLE banger ts between 
out ie the eo pres hanger, the Sprocket 
hand bearing, making more fric- 
hanger than in the RACYCLE 


© problem to solve is this : 7th 0 Sect A 

180 pounds gt Je 4 of ead oak 9! the A, - 
Bong shove, w advantage ooh Fie 

0. 

Cut the drawings out, or make exact oopy, 
on drawing tanswer. Send with your Saahe t 
address to Xavertising Department of the Miami Cyeie 
and oa9 ne Middletown, 0. Bach sotuti 
swered and winner’s name and 


om 

= ay mt No. PRR 1 Over 

bearings n cu o. A 
d bearinus i 


than in cut NO Py tsi 
ant cee! in 











CHARLES F. HUBBS & CO., 


PAPER AND TWINE, 


36 BEEKMAN ST., N. Y. CITY. 


Parchment, Detali Drafting Paper, 
Malling Wrappers. 








“PRACTICALLY 
UNBREAKABLE”’ 


Is the World's Fair verdict on 


«~_BOMMER 


SPRING HINGES 
Of Wrought Steoi, Bronze and Brass. 


370JaySt.,Brookiyn,W.Y.,U.S.A. 
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N. & G. TAYLOR CO., 
PHILADELPHIA, 
Manufacturers of Tin Plates 


THE PANCOAST VENTILATOR. “Taylor Old Style” 


exhaust more 


cubic feet of air BRAND 
per minute than | The ne only Rostag Tin made exactly 
anyother Storm- the same as in 1830, 66 years ago. 


proof Ventilator | The Heaviest Coated Plate Made. 


made. 
: , Th ly W nted R Ti id. 
Made with onl er - 


Patent Edge- | Every sheet stamped with 
wise Brace. Brand, Thickness and Name of 


curacy and| WW &G. TAYLOR CO. 


Strength. 


eee 








Manufacturers. 
git ton a Established 1810, 
then galvanized. PHILADELPHIA. 
It is absolutely Storm and Cinder Prof, ' tmacrsea vy tne v. 8. Government. 
clinch 





ARMSTRONG PATENT TOOL HOLDERS |; 
Over 50,000 Now in Use, "e's um pescteatechan 


ck oO 
D. BH. BU RNBAM. DInector or Works, 
World's Columbian pppesitien, 
Jackson Park, Chicago. 
ARMSTRONG ance | TOOL CO. 
"HICAGO, LLL., September 29, 1898. 
GENTLEMEN -— of the 2th at hand; concerning 
the Armstrong Tool Holder | most cheerfully say | have 
been using your tool holders in the World’s Fair bine 
Shop for several months, and find the same to be very con- 
veorent, as well as economica!; and | would recommend 
the use of this tool holder to all those desiring to reduce 
their bills for tool >" grindstones = emery wheels. 
Yours very seapensreny 
Pp HOMAS, 


Sapt. worla's’ Fair =e Shop, 
Jackson Park, Chicago. 









Send for Catalogue to 
ARMSTRONC BROS.TOOLCO. 
96 W. Washington St., Chicago. 


CHAS. CHURCHILL & co., Lta., London, England, | SOHUOHARDT & SOHUTTE, Berlin, Germany, 
Agents for Great Britain. Agents for Germany. 


For Turning, Planing and Bering Metals. 


Saves al) Diacksmith work. We Tool Steel, Ts 
Grinding. % cises. eultable for ali kinds of work 
















The following is one of the many g Contents letters we |? 















EL 


PIANO 
Ivers & Pond 


Ofrece Ventajas Especiales 4 los 
Compradores en el Extranjero. 

Construidos especialmente para resistir los 

cambios atmosféricos. Los pianos de Ivers 












Ww. 
| Wasbboiler attacbmen 
Washing machine, L. Grondabl. 
Washing macbine, HM: Hamiliga °° 
‘or conductors, motormen, etc., 



















seteeee 3 
£ 










edd 
Wells, hiter for’ NY Seaport & Pond no tienen igual para climas perju- 
Whee. See Budting whee Venice whesi. diciales 4 causa de nuestro sistema de secar 
Windmill, . trbormenaesananpeainss: al horno. Estos pianos representan lo mis 


perfecto en el arte de fabricar pianos en 
cuanto 4 calidad de tono, durabilidad, en- 
cajonamiento aytistico. Invitamos 4 los 
TRAFICANTES que nos escriban 4 cerca de 
precios especiales y territorio exclusivo. A 
los compradores AL POR MENOR suminis- 
tramos pianos directamente de nuestra 
fabrica 4 cualquiera parte del mundo don- 


Wire fabric, loom for weaving, W. Orr............ 
wae | ay of and apparatus tor “Grains. » 


























informe libre 4 quien los pida. 


IVERS & POND PIANO CO., 
114 Boyvistron Sr., 










law, © T. Waitess..- 













Bole, tap, W a. Hse —~ BOSTON, MASS., U. S. A. 
ove lid I Cc Pesce 
panes, 3 3 nape egennoceqccecesessteaets 








TRADE MARKS. 


Lmmoonia, catsup, and sauce, B. Pritchard,........ 
seer, lager, Leibinger & Vehm qoute Company 
hester Brewing Company.......... 


seer, 
Bicycles, J. Long’s BOMS.............-.....e-s-seeeees Wilson Laundry 















Bicycles and F parte thereof, Ww. zB. ee aa Machinery Co., 
and liver regulator, 
Cant hulled corn, Western ee York Preserv- Columbia, Pa. 
ing and Manufactariog Com oosepége aees anti Cat’ ge 
Cement, Portland, Alsen’sche Portland Cement A. 
RIED 000 c cnccccccensoanss egoccocccccsccecene Columbia Washer. 
Cologne and ported AS SII .6ssinencainen BS 





q SUN tet eserais ct teary swoon 


materials of every descrip- 


Dyes, housebold 
— fabrics, tab Gore > Makers ae meeaanenadmiaanid 
| Biastic fabrics and boots and shoes, Hub Gore 
Shows ites hee deinaineenvaneueteceseorunmpeent 28,527, 28,528 
Fioar, pnnanio & Yeae 
| Flour'and meal, Lexington _— Mills Company 
Gin, P. oe aay AT haseneccceqaeneneenasnal 
Glassware. E de la Chapelle £60 many. i 
ass ware, e la Chapelle papeng niga. 
Goid foils, a ores mat, tb de 






lished 40 years. 
pto date. Write us. 


wor & BLANCHARD Co. 








THREE GROOVE CHUCKING REAMERS. 
For Boring and Reaming Cored Holes. 
STANDARD TOOL CO., CLEVELAND, 0. U.8. A. 





SHEET °.” STEEL’. STAMPING 2:3: 


ALL, THE FRAME CONNECTIONS FOR picvoLes. aire 4 
St SPECIAL DIES AND PARTS TO ORDER. | 
PEDALS, BALL*, WOOD RIMS, WOOD HANDLE BARS, WOOD GUARDS, CORK 
GRIPS, NIPPLES, CHAINS, SADDLES, TUBING, WRENCHES, FORK SIDES, etc. 


CROSBY & MAYER CO., - = + BUFFALO, N.Y. 





—~ 2 


eatin STEELE 


PRATT & LETCHWORTH COMPANY-suFFALo NY 








WORLD'S FAIR AWARD. 


We are the only Steel Roofire Company awarded Medal 
and Diploma for PATENT CAP ROOFING at World's 
Columb Expos Weare also large manufacturers of 
all styles of Metal Reofing, Siding. Ceiling, ete. Send 
for Catalogue and Price List. 

Mention this paper. 


SYKES IRON AND STEEL ROOFING CO.,- + = . Chicago and Niles, O. 


The Model Dynamo 


Direct and Alternating Currents. 


For Schools, Colleges, Experimenters, and Amateur 
ELECTROPLATERS. 


The MIDGET 
DYNAMO & MOTOR 

THE “MIDGET.” 
So Lights an 8 C. P, Lamp. 


9” Send %. stamp for ctroular 


Elbridge Electrical Mfg. Co. 


ELBRIDCE, N. Y., U.S. A. 






















THE “MODEL.” 


The Forbes Patent Die Stock. Pipe Cutting and Threading Machinery. 





THE CURTIS PATENT PIPE THREADING ATTACHMENT 


FOR LATHES 
Ratohet Drills, Ratchet Die Stock ana Pipe Vises 
Send for Illustrated Catalogue. 


CURTIS & CURTIS, 
40 Garden St., Bridgeport, Coan, 





Grocers’ supplies, certain ant ¥ “Acker & ‘Com- 
i nthedardiiaadadabill-cdsespspasdinweeces harlestown St, 
Hats, soft apd ouie, men’s and boys’ far felt, F. “eon Masas., U.S.A. 
bl i pcocecccococcccocccseagencocene 
Hog products, provisions, extracts, and 
pounds manufactured from bogs, cattle wend 
sheep, certain named, Cudahy ing Com- 
DIET «0 « neqnoapebentanenseseneoensnessonnesiniinalial 
Insects, chemica! substance for poets against 
— uitoes and other, J. KReepmaker............ Bo 


olders, switches, and ap _—. 1 
SF elastste illumination, electric. ison i 
Swen United Electric Light Company........... 











TO : 2000 FEET. 


3. FEET Ag] R years’ experience enables us to 











Medicinal tablets, Marie Antoinette Company..... 386 “Right rowertt Keuieis at’ Riagurs Fi 
| ou ‘clothe. Atha & 1 Apa ccpeddhdalaghadaitsonceticia mS nr ie ont A Eamee, - if -] 
GS on cccccccccceses coscccccoccocecese 
| Paper, toilet, M. BE. Manaban...... ooo. eco 2541 TEFFELS ne 
eo and ink wells, Moser & Lyon JAMES LE Laco., v. S.A. 
iS a ian Goninon 28,589 Established 1 
sowder for tb fooe ¢. BS cru 
Pom wilern oe io Se SHERIF MANUFACTURING CO., 








Seaws 28,557 
Pp. portable air. Cleveland Faucet Company... 28,572 

Ratete seeding machines, A. C. Williams........... 23573 

Remedies for dyspepeta = kindred affections, L. 

& N. Adier Medicine Company................... 





meant’ hos cbolera, L. Baro 
Roofing. compen 5 a, nd gravel, Eastern 


Granite Roofing Company........................ 42 
Rope and twine, feendend ti Hope and Twine Com- onans 

howe. bicveie, Gi Warne & Company... eo . 
and b eR cc ccccccccs by 





Sab for tollet use, powdered, D. H. Greene. 28,552 
coon, claret-wine and sirup. T. Martindale. 28,565 
Tires. yielding or ggg Boston Woven Hose 


——— 
Toilet pr hiogs. breath perfumes and confec- 
wins RiarOw. St i indesaccccceceonsnebenetes 


of 





SIs « ccacccsscesdiinnns 23.568 
Eg 
paccceccecocedesodeeseonesese cessabeaareal 28,569 
PRINTS. 
“Cando Silver Polish,” Colony & Osgood.......... ..«. 21 an of MARINE ENGINES, 


MILWAUKEE, WIS., U. 8S. A. 


Don’t Discard 


your old tanks, roofs, gutters, store 
fronts, etc., before writing for par- 








A printed copy of thes fication and drawing of 
in the f ist, or 1 


1 cents. in ordering state the name and number 
of the patent and remit to Munn & 361 
Broadway, New York. Special rates will be given 

a large number of copies are sen ce 


Canadian patents obtained b ba 
may now tne in 





v of inventions named 
tn list, provided Sonar ata cost of $40 each. ticulars for ——— and extend- 
\ork. Other foreiam patents may also be — ing _ ; = 


Detroit Graphite Mfg. Co., Detroit, Mich., U. S.A. 

5S, ae Standard ——y 
MARINE LIGHT PLANTS 
mesyes cones” 
nes, Motors, Dyna- 


mos for every service. 
For particulars, address 


Oth ney ee mores co., 
Portland, Meet. U. B.A. 


\ CULVER’S 


PROGRESSIVE 
STEAM SEPARATOR 


auerie ase 
water of conden- 
on be pear 











POWER = 
HAMMERS 


For Every Description of Forg- 
ing. Late improvements. 

BEAUDRY & CO. 

46 Oliver Street, 
Boston, Mass., U.S. A. 


Waler for Country Use 
Tt Domestic Pup. 


Invention for 
WINDMILL’S “alta 
RIVAL. For Country 
some ane Summer 
it in practica! 


ae 
0 e 
if ae and oni well-known 













weryeryiet | 


- duu 
a 
i 
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Scientific 


American, 








’ A PIANO D 


BY MAIL. : 





‘ 
ay? You can buy an IVERS & 
POND Piano just as cheaply, as 
safely, and as satisfactorily of us 


y mail as in m at our ware- 
~ +ooms. How? Write and we'll 
ell you, 


We send our pianos on trial at 
ir expense to any part of the 
nited States where they are not 
id by a local dealer, Send us a 
postal care and receive FREE our 
CATALOGUE and prices for cash 
andon EASY PAYMENTS. 
If you want a Piano, a postal | 
card may save you $75 to $100, - 
Send it to-day. 


Ivers & Pond Piano Co., 
e3 114 Boylston Street, Boston. 


QAR? FIV 


To all users of gas, whether 
bousekeeping. or 





THE “BOKER” 
GAS COCK, 


Patented Feb. 26, 1895, 


with its detachable and ne bili 
able elbow t It filis the bill 
for all who havea room wh = 


and you want both eke on 
heat at the same time. The ate 
tention of all oe gg a 
boarders, coo 
students, mec auies © 
artisans, is called to this most 
useful article. Adjust it — 
self, no gasfitter or plum 
needed. Portable. Use it Gow 
room in the house. Always 
have your light. Sent by mail | 
to any address in fhe United | 
States on receipt of 50 


The Boker 
Manufacturing Co., 
P.0. Box 235, 





Connected by tubing to 
as stove for cooking, 
feating. or other pur- 
poses. 








Giving two lights from 
one bracket. 





Used with smal! gas stove 
for heating small quanti- 


ties of water, food, ete. Brooklyn, N. Y. 


traveling. Have you seen the | 











RUBBER TIRE WHEEL co., 


ee OTS Olive St, Be Louis, Mos 18 State Ste 





8t., iNew Haven, Conn.; 





Unless you have ridden in a vehicle fitted with 


Raver Tires 


The Only Sucessful Rubber Tire. 
NO JARS! NO JOLTS! 
Easily put on Old or New Wheels. 


At small expense. Guaranteed not to come off. Espe- 
cially desirable for rough or unevenly paved streets. 


&@” Handsome Catalogue and Testimonials Free. 


218 W. Main St., SPRINGFIELD Oo. 
Wabash Ave., AXen, Chleago,, 1204 1M Girard Ave , 1 Ave Philadelphia; 








DON’T STOOP TO SWEEP YOUR HOUSE. 
There ts 20 necessity for stooping if you use 


-_ FOOTHOLD DUST PAN. 


irt. 


the head. 

a is carried by the 
ald of the rete foot and the 
ecoem. 


The pressu 
rings the front of the pan close 
to the a to receive the dirt. 
Sw can thus be done 
quick ; and weaniy while = 
sweeper is in an erect posture. 
Agents wanted for house-to- 
house sales. Every lady will 
want one. 


The Monmouth Mfg. Co 


189 B’way, Long Branch, N.J. 


(NO MORE BURNED FOOD! 


wife who has tried it recognizes the great value of 
UGITBs, 
“The Wenesy 2 Briead Stove Mat.” 
ood of any kind, when neaned a this Mat, on stove 
sbes' 
only gen genuine stove Mat. Beware of imitations. Sent by 
mail, 1 5c, in stamps. or two tee 25c. Specia 


given to export Price list on application. 
TheJ.L. BROWN CO. "Brookville, Pa.(form’ ly Pittsburg.) 





2 








Every 
roe 





| 


Fine Tools and Tool Sets. 


for w Shep, Ole or | or Home Use: Jewel Glass Cutter, 10. ; 


tter and Can poner oe mbined, 2 
iain w for Wood or Metal, 50c. ; w Driver chisel 
— F Awl, set S0c.; New Smooth ‘Plane. 6 in., ie. B 


he meaees 1 SCREW _ CUTTING LATHES. 
Mansfield Tool Works, Box 1217, New Haven, Conn. 





rice MURRAY 





Time x | ong te Tested nos pod ( the world 
over as th on Earth. 

nate ey a. = 5.95 
Simei vere iaececs” - 7. iret 
Dou Form Harness, 7 22.04 
i 
Rona Wagons, - © « «= 8L75 
Peru Wastes a horse . - n - 





Wm. Swindell & Bros. 
400-401 
German Nat. Bank Bidg. 
PITTSBURG, PA. 


Continuous Water Seal Gas 
Swindeli’s ag 


Lb ay owe 
Rive ‘Gas Gas Furnaces for. all 


INCANDESCENT LAMP SUPPORTERS. 














y desired position. Forms, 


Instant fixture of lamp in Any 
adapted to every A eee from 


nye ary to m orks 
wor vei 





ECO. Worcester, Mass. 











MAKE OUR ow OE ate 
itl iat Giant Cer Mil - $15 50 


Its strong, serviceable, 
can be operated by 4 


“a 
FS Tis capacity in sale. tn mical. | 
tis amall i. siae ey TT 4 










of 






THE LITTLE GIANT CIDER MILL CO., 


208 No. Faous STREET, NASHVILLE, TENN. 
ae gents wanted in every county. 








i 





: SMITH & WESSON | ise% 


MODEL 1896 REVOLVER. 


‘FIX THE TIME EXACTLY | eat 


7 is size have been 

resorts should certainly secure one of these inctremen 
broaght to view with astonishing clearness. Sent b 
Catalogue of Watches, etc. sent with each order. 


ol pee aoa 





Mag Ry 0 te 


SALE OF 10,000 LARGE POWERFUL ACHROMATIC TELESCOPES. 
yaven y YDU_ WANT-~ 


oR RANC H 


clude d etc, with meet euses, scleusiacals ~p aes and 
iit won of thie id for from '§ 00 to $8.00, 


Order, Bxpress 
IMPORTING iG CO., Dept 5.4. Excelsior 





it is all you Focomimend it te ba iY areas 


r Building, Kew Brat payable tse 








hotel, club, banki 
a 4 ete. ee Rould have ts tent tins 
recorder in the world— 


“STANDARD” TIME STAMP 

which is superior to all other 

tic dating stamps. In an 

ly and ac- 

curately prints your name, busi- 
ness location, c 

of the transaction, 

in conjunction with the year, 

month, day of month ao 

f descri Sets 


even for leap year. 
stamp 
ble firms. Wri 


THE STARDAED TM descriptive 
Manufacturers, 


We guarantee our 










Solia 

: Frame, 

= Swing Out 
: Cylinder. 

: Hand Ejector and 
Rebounding Lock. 


Exceptional Strength 
Workmanship are lentare at thie Ree =, 


Send for Llustrated Catalogue. 


SMITH & WESSON, feccsseicee | | 


ORAPER’S 




















The Draper Mfg. Co.,162 Front St., N.Y. 
- » DRAPER’S.. 


Recording Thermometer 


Gives a correct and continuous record 
ee 























s44 Washington. ‘Street, New ~ shag ous. 
MAKE ic CREAM I IN Runde RE esti ft 


best ond = 
who a4 Any hou Star pe 
has the best 


t Freeser * 
et on earth for making 


Makes from all milk, 





cream. 
pst Simple to 
Does not 


out of 
clean, economical. 4b , drier 
tf ~. sm er than other fr ‘t scrape the 


tin. Lass agente wont wanted oorpeners, Paine oger Freezer 


WORLD AXLE CREASE. 





OUR BOOKS, covertne A PERIOD or 2 
YRARS, SHOW THA THE ** PRACTICAL” 
ae HANGER AND PRESS 
HAS SATISFIED 1499 OuT OF EVERY 1500 
ASERS. it Trousers 
*Smooth as if Ironed” and is so 
easy to use that it’s ae A La 
pany apne ey 9% SATISFACTION 
R MONEY REFUNDED. PRIC 3 CENTS, 
POSTPAID. Our illustrated booklet con- 
tains forceful testimony and fac-sim- 
ile reproductions of duplicate orders, 
Free on request, 
PRACTICAL NOVELTY CO. ,425 WALNUT ST., PHILA, PA 








Centennial Bell Foundry. 
Manufacturers of Church, School, 
Fire Alarm, Tower and other Bells 
of rt bell metal. Chimes, Peals 
or ens harmonious arrangement of 


GARDINER CAMPBELL & SONS, 
250 to 256 Gregen St., 
cl ay 


Milwaukee, Wis, 0: 8. A. 
POCKET POSTAGE STAMP BOX. 
J. B. Kittredge, Westfield, Mass. 10) censs 


geerel nts Wanted 
on Automatic a 


-s a o aniqne, ~~ =~ 
ious Advertising Medi- 
um, entirel ; ad- 
vertising 80: sitere whe 
—_ business, write 














Automatic GuideMigCo 
31-35 8. 8th 8t., 
DING, PA. 




















IANOS! ORGANS 


 aiainaidiindindinadindindindindindindindindinatindindindindindindndinays 


YOUR OWN HOME. NO MONEY REQUIRED 
FROM 


ttt tata mati ln en en 


25,00 UP 


EES | 





roe 
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Patented Improved 








































Solid Silver-Metal, 


BROUGHTON 
Self-Closing 


BASIN COCK 


Adopted for Us 


ew Has ahagtan Bi Be'¢ 


ork, N 


Its Sanitary Features 
Unsur"assed. 


NO DiRT RETAINING 
POINTS OF ANY KIND 


Every Plumber wil! aporeciate that. 


This celebrated Self-Closing work bas been used for 
years, and is unsurpassed for durability. 


EVERY ONE WARRANTED. 
Write for Circulars and Price Lists, and address, 
E. STEBBINS MFG. CO., 
Drawer 14, vcmsmcitshaiened MASS. 





No Plating to Wear Of. 





A KNIFE 4 ee 


The only tool required to Mend your Hose with the 





Simplex Hose Mender 


1-2 or 3-4 inch, by mail. 10c. each. 
Catalogue No. 81 ready for the trade. 


KING & KNIGHT, 
31 WENDELL ST., BOSTON. 


THE 


See that 


Post. > 


That’s what makes it work, 


THE BENEDICT COLLAR BUTTON. 


For sale everywhere. 


ENOS RICHARDSON & CO., 
21 MAIDEN LANE, N. Y. 
Sole Manufacturers. oF Send for Circulars 


THE FOX AUTOMATIC TAPE BAND. 


, For the filing of Papers, etc. 
ftom} Better and Cheaper than Rubber. 


Per Gross, (18 inches) $1.50. 
Sampie dozen, 2 cents. 
Single Sample. J sents. 


IRVING P. FOX, 8 Oliver St., Boston 


DATE EVERYTHING! 


A perfect device for dating letters, 
bills, statements, invoices, ete Prints 
all the months, years from 1836 to 1900, 

ures to 9 inclusive; and the words 


SECRE ET. 





Xv 





c’d, Ans’d, Ent’d, Acp’ da, Vaid. Sent 
by mail, one, 46c. ; two, Se. 
and numbers (made on same prin- 


(9999). SOc. 5 6 wheels 


ciple “nee 4 yao 
10 ps taken. 


iiaena | PUBLISHING Co., 
6 OLIVER ST., SOSTON, MASS. 


FOR SAIL. 

Engine Lathes, containing ali the latest and best. im- 
provements of the day. Capable uf turning out 2% per 
cent. more good work than most tools on the market, 
Soild ee ble parties oa trial. ® per cent. below price 
charged for inferior tools. Send tor circujars and dis- 
counts. JOSEPH B. REED, Cairo, tm. 


FOR SALE. : 


~~ 











A gilt edaed patent, merits of which 





wr: absolutely proven; eld va- 

limited. corporation to push ‘it. David 

Harkinson & Co. fie} iB North nd St., Philadelphia, Pa 
LINENOID WHEELERS 


SEAMLESS, WATERPROOF 


CATALOGUE FREE 


CRANE BROS. WESTFIELD, MASS. 


UNENOIO SEASILESS SPECIALTIES. 








CYCLONE CORN SHELLER. 


Will shel! a For 
EXPORT 
Trade. 


Sample 
Sheller, 


$3. 


Send for 
Circular and 
Price, 



























4 
aS iin 


Sole Mfrs. and Owners, Cleveland, Ohio, J. 8. A. 





‘arranted- 
GARRY IRON ROOPING CO., 
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REACHED AT LAST! 


THe ‘TOF 














MOST VALUABLE 
IN THE WORLD 


LEE’S 


PONY REFERENCE 


LIBRARY 


For Home, School, Shop and Office. 


TITLES: BOUND IN SILK CLOTH, 


I, Modern Webster Dictionary. ested —_— LF, “oe 
2, Luvs Encylopedia Brtamica, BP=P=" box. The Set o 
3. Conklin’s Handy Manual es ae 


Revised and 


4, Lee’s Priceless Recipes, 
5. Lee's Home and Business Instructor. 


EACH VOLUME COVERS A WIDE, DISTINCT FIELD. 


A Complete Education Condensed. 


THE CHEAPEST 
EVER PUBLISHED 


LEE’S 


PONY REFERENGE 


LIBRARY 


New. — Original. — Copyrighted. 

BOUND IN MOROCCO, full 
gilt, in a meat paper box, 
The Set of Five Books 
sent postpaid to any 
address in U. S., 
ada and Mexico, on 


$6.0 


of. 
SOLID BINDINGS. 









































paid to any address in 
U. S., Canada or Mex- 


ico, on $3.00 
UU, 


receipt of 
STRONG PAPER. 


Can- 
















A Gift that Good all the 
will never lose year aay 
its - OTHER STANDARD WORKS. Me 
Sterling SOLD IN GINGLE VOLUMES. iti 

value. all times, 






Covers 

all 
professions 
business 
and 
trades. 


Mechanic’s Complete Library. 576 pages. Silk 
Cloth, $1.00. Morocco, $1.50. 


The Mechanical Arts Simplified. 480 pages. 

Cloth, goid stamped, $2.50. 
Zwicker’s Practical Instructor for Machinists, Firemen, etc. 
Flexible Binding, $1.00 


Stephenson’s Ready Reference Book for Stationary, Locomo 
tive and Marine Engineers. $1.00. 


Practical Application of Dynamo-Electric Machinery. A standard 
Work. Silk Cloth, $1.00. 

Edison’s Handy Encyclopedia and World Atlas. Limp Cloth, 25 cents. 

Stiff Cloth, gold stamped, 50 cents. 


Vest-Pocket Webster Dictionary. The first and best. Silk cloth, 25 cents. 
Full Morocco, full gilt, 50 cents. Both indexed. 


This library 
cost the 
publishers 
$25,000 
to pro- 
duce. 


f 









Silk 




















AGENTS!—The Harvest is Herc, the Opportunity is Yours! 
Terms and Sampies on Receipt of Price. Prospectus with full Descriptions, 50c. 


LAIRD & LEE, 263-265 Wasasu Ave., CHICAGO 


wr Pt 75 





will buy the smallest and 
lightest Bicycle Lamp,made 
entirely of Polished Alumi- 
num. it fit any bracket. 
Burns either OU or Taper. 





wk Draft, Postal or Express Order. 
ct S LAMP TO BURN OIL, = = = $1.75 each 
‘ LAMP TO BURN OIL AND TAPER, += 2.00 “ 


Which inclodes | doz. Tapers. Extra Tapers. M cents perdoz. If not as 


represented, we wil! return your money. 


THE BUFFALO SEAL & PRESS CO., 
Seventh and Hudson Streets, BUFFALO, N. Y., U. S. A. 


THE GARVIN MAGHINE GO. 


MAKERS OF AND DEALERS IN 


Metal Working Machinery 


» OF EVERY KIND... 





Bicycle Machinery 


» A SPECIALTY... 


Bove Firearms, Hardware, Electrical Apparatus, etc, 
ow om Secondhand Machinery. 
~ and Estimates Gladly Furnished 





ste plants for pe 
Large Stock « 


th Catalogues, Phot 


We eaqvip coniple 





SPRING AND VARICK STREETS, NEW YORK, N. Y., U. S. A. 
Ser ve aa Ope > and Twenty-five Cents, and you 
THe MOTOCYCLE™ one year and an 
Tixié ‘half xone picture vi the ‘Times-Heraid Race. 
MONADNOCK ‘ gLecK, CHICAGO, 





—_—-—— +. 


_ 
iene 


Liege 


- yowy . - 
Mee ee ee 


The highest grade 
saan Geese, Burns 
4 styles. 





Scientific American. 





Each taper burns 8 hours, | 
and can be carried in the | 
ts gol bag. Sent to any address, Expressage Paid, upon receipt of New | 





[JULY 25, 1896. 


ECLIPSE BICYCLES 


“Tuey STAND THE TEST.” 


2,448 Pounds on our Regular Stock, Road Wheel. 











This is an exact reproduction of a photograph taken in front of our faciory, en 
shows the most wonderful test ever made of the strength of a bicycle. The entire 
weight of sixteen men and plank, aggregating 2,448 pounds, rests on the bicycle. The 
stand was grooved to hold wheels in place, and the man at end and guy wires only 
served to keep plank from twisting. 


Light Running Perfect Workmanship 


Six years’ experience, an immense new factory, fitted only with up-to-date 
machinery and the best materials obtainable at any price, have enabled us to 
build a wheel that, for accuracy of adjustment, rigidity, speed, ability to “get 
there” and KEEP AWAY FROM THE RzPAIR SHOP, stands unequaled. 


A Full Line for Men and Women. 


SEND FOR CATALOGUE, WITH PARTICULARS OP OTHER REMARKABLE TESTS. 


Eclipse Bicycle Co., Drawer X, ELMIRA, N. Y. 


Boston, New York, Philadelphia, Washington, Indianapolis, and Hamilton, Ont. 


CYC t E CE M E NTS, | The Wheeler Reform Saddle 


Strong e . 

















HE sort Sonstructed, 
that stays 
ij where you A SavovLe 
stick it. Al-| THAT's A 
ways ready Seat 
foruse. Ear- 
ily applied pane dy 
" Special which 
S| erades tr 
7] metal and 
joned to 





a - wooc rims. 
Al! sorts of Special Gubintee — Bicycles. Get 
our Booklet describing them. 


afford the rider & 


end overcomes th 
Specially ee y ed for ladies. ippossed by emi- 


“T ural pesogert 





ger of sadidles. 
GEO. W. REEVES, 17 N. Front St., Philadelphia, Pa. | nent doct | saddle for all ri Write 
jenna - | {ar eat convinced. If yuur dealer basn’t the 
heeler aie write us. ER Local Agents 








The Wheeler Saddle Co., 71 Bub! Block, Detroit, Mich 


WE UNDERSELL ALL | 


Bicycle Electrie ‘Ulta bi $3.00 
Necktie Kiectrie L' 










Edison Electric 
Battery Fan tn. hecudl ‘ko 
Medical Butteries..... 3.95 
nduction Colls........... L% 
Biectric Bells, finest...... 
Dry Batteries, best....... 2B Adjustable and rigid. 


~ 


Discount to Dealers. 


Our Bicycle Blectric Light 
is the best thing that ever 
happened. Catalogue free. 


> OHIO ELECTRIC WORKS, 
Cleveland, Ohie. 


HANDLE BAR— 


Patented Dec. 10, 1895. 
THE BAR THAT’S BUILT TO SUIT. 


The only Handle Bar on the market that can 
} be turned on a line with the wheel, semnoved 
| without a wrench, adjusted while riding. 


Chree Great Features = Neat, Simple, Durable. 
Price, $3.50. We will refund the peney if 
not satisfactory upon examination. 

STONE MPG. CO., 
200 Main St., Bridgeport, Conn., U.S.A. 


X Ray Outfits. 


Fleming Dynamo Brushes. 
Incandescent Lamps. 


— inoadencent Ham 


———-SEND FOR PRICES. 


STANLEY & PATTERSON, 
CENERAL ELECTRICAL EQUIPMENT SUPPLIES, 


Our capacity 1000 bars a day. 
Catalogue free, 30 different styles. 
Chicage Handle Bar Ce. 
30-32 Market Street, 
Chicago, Ill. 





in 








THE RYAN: 
ADS USTABLE 











32 and 34 Frankfort St., New York. 








‘OLY 25, 1806. } 
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HEAT UNDER PERFECT CONTROL —~ 


is assured by the adoption of The Fuel Gas System of the American Gas Furnace Company, of Elizabeth, N. J. 











tis system includes The American Oil Gas Machine for the generation of 


mA PERFECT FUEL GAS 


& & & from Naphtha and 


Dry Air by Automatic Process. 


GAS BLAST FURNACES, Ovens, Retorts, Kilns, Forges in great variety FOR ANY KIND OF GAS IN USE, and for all 
kinds of work requiring a Systematic Application of Heat to insure uniform results. This system requires the use of our 


HIGH PRESSURE BLOWERS 


regardless of the kind of gas used. 


Insurance Underwriters. Please address 


AMERICAN GAS FURNACE CO., 80 Nassau Street, 


Hundreds of first-class references. | Indorsed and recommended by Franklin Institute and 


New York. 








TANKS 


For all purposes. 
in all sizes and shapes. 


Cedar Tanks, Vats and Tubs 
for almost all uses are the 
best best by resent of their light- 
lity and cheap- 

pens. Though we mapufac- 

vase Tanks in many other 

we recommend Cedar 


for the ‘hove reasons. 


pos- 
sible time any size of any 
kind of Tank or other vessel 


to hold tiqujds. Best work- 
manship adkranteed. Both 
men mach 


and pumbered, can be 
up by any ordinary mechanic 
Geo. J. Burkhardt’s Sons, 
Broad and Cambria 8ts., 
Philadelphia, Pa. 
e & phot ograph of a Cedar Tank erected by us at 
niown, Pa. Holds 100,000 gallons. Tower 125 ft. 


-s 10,000’ feet of Cedar and over 4,000 pounds of steel 
bands were used in the construction of this Tank. 


pene cat 








& 


in use. 


$1 MOTOR Ol TFIT 
with and 
pulley for run "toys, 
ete. Send cir- 





KNAPP EL’ 
TRIC & NOVELTY Co. 
Warren St., New York. 








CATALOGUE FREE TO ANY a 
Monee PARTS =p’. 


ODEIS AND GEARS 
tal OG Oa! 


ELECTRIC SUPPLIES. 


FQ creme & iy 
J. H. Sternbergh & Son, 
Reading, Pa., U.S, A., 


MANUFACTURE THE HIGHEST 
GRADE OF 


BOLTS, NUTS, BOILER RIVETS, 
LAG SCREWS, TURNBUCKLES, 
PORGINGS, 

Merchant Bar tron and Steel, Bte., Bte. 
At Most Favorable Prices. 

ee 
THE H. B. SMITH GO, oent2°&i2&. x, 
STEAM and WATER. HEATING APPARATUS. 





























BOILERS AND RADIATORS 
Send for Circular. 
FOUNDRY, WESTFIELD. MASS. 


Adapted for all classes of Buildings. 











GASOLINE 2 


WEBER! day. Guaranteed ie operation is 
1 cent per horse pewer per hou 

THE SIMPLEST, MOST ECONOMICAL AND BEST POWER. 

Address 431 Southwest Boulevard. &” Send for Catalog 


Weber Gas and Gasoline Engine Co., Saiswoukir™’ 
the Victor Vapor Engine. te 20th Century Gas Engine 


The New Victor Vapor Engive is the result of more than 10 years of 
experience and progress in this |i {t is a combination of exceliencies, 
each one the subject of, not months, but years of testing. Every possible 
weakness and fault so common in most gas engines have been eliminated, 
FEW ADVANTAGES: Utilizes the double spark invention. With 
same fuel, power increased from Electrodes remarkably durable. 
Economical both of fuel and battery, as governor regulates both. One only 
vaive regulates the su pple of ros i. air. Impossibie to flood either vapur- 
izer or engine with fuel. No gravity feed. Sight feed of gasoline. No waste. 
Starts easy. Easy to adjust. Al) parts accessible. Two methods of ignition— 
electric s at and hot tube. Send stamp for catalogue, and state size apedes. 
S KANE& CO., 64-66 Wabash Ave.,Chicago, I1.,U.8.A. 


THOM 
Ferfect Satisfaction. 


The result of seientific development in 


CAS ENCINES 


Construction strictly of tee hi 
Suitable for independent electri nighest plants aa | 
GENERAL POW! : R. 


Itseconomy is wonderful. Send for cata) and 
state size wanted, and purpose to be u for. 


» THE J. W. RUSER MFG. CO., 


222 CHICAGO STREET, BUFFALO, N. Y, 





Sto 








Gives 








25 Horse Power, 








Sm Tis BEATS WIND, STEAM, or HORSE POWER. Si2.:2'8o'yoive 
WEBSTER GAS ENGINE 


for BILBO discount for cash. Built on interchangeable plan. Built of | 
best waterial. Made 4 lots of 1/0, therefore we can make the price, xed for sbip- 


1074 WEST 15th STREET, | 








ry 





















THE EVOLUTION oF MECHANICS 
as set forth in “THE SCIENCE OF MECHANICS,” by Prof. Ernst Mach. Translated from 
the Second German Edition by Thomas J. McCormack. 250 cuts, 534 pages. Half Morocco. Gilt @ 
> top. Price $250. Indorsed by the leading professors of physics and engineering, and by sci- @ 
e entific and mechanical papers the world over. Send for descriptive circular, and for free sample © 
copies of “ The Open Court” and “ The Monist.” Also catalogue of other publications. 
THE OPEN COURT PUBLISHINC CO., Drawer F, CHICACO 
Extra Length Wood Boring Brace Drills. For oe 
Hangers, Telephone and Telegraph Work. 
Se throagh castorias, nails and even brick walls, oa 
STANDARD TOOL CO., CLEVELAND, 0., U.S.A. 
F. W. LUSCOMB MCH. CO., New Bedford, Mass. 
«++ MANUFACTURERS OF... 
A STRAICHTENING MACHINE 
THAT WILL STRAICHTEN 
finished drills, taps, reamers, shafts or spindles which have become crooked 
by hardening, Fo gg om or accident. Always ready to use and will save its 
cost in ashort Three sizes. Write us for descriptive circular and prices 
METAL AND ELECTRIC SPECIALTIES “‘°xno'toos. 
AND TOOLS. 
TUERK BROS., Manufacturers, 39-45 W. Randolph 8t., Chicago. 
>] 
f = 
= Upright = Drills = 
Complete line, ranging from Light Friction 
Disk Drill to 42 in. Back Geared Self-Feed. 
e 


2” Send for New Catalogue. 
W. F. & JOHN BARNES Co. 


ment, weight 800 pounds. Made for Gas or Gasoline. (2 Write for Special Catalogue. | 


DON’T BURN YOUR HANDS 


It used to be difficnit to bandle the 
















hot jars when canning fruit. Burned 
hands, soiled dresses, and spilled fruit 
was olten the case before the event of 


the 
BOSS JAR HOLDER 
AND TOP WRENCH 


With these the jars can 
be filled. handled and § 
moved about ensily nnd Aim 
rapidiy. Try them end 
be cunvineced. Samples 
by mail, 50c. Agents 
) ee everywhe re 
or descriptive gz 
circulars and @&Z 
terms, address 

KLINE & CO., 

4 River ™t.. 
Fionn, Pa., U SA. 


SMALL MOTORS FOR ALL PURPOSES 


Prices from 81 to $15. 


The Best Manufactured. Spec oly adapt 
ed for all kieds of light work 
Our new No.1 Motor and ‘Battery ‘Ontat 
complete, price, $1. No dangerous 
chemicals used'as in other makes 
t ntit Sept. iS adin.Alaminam 
an Free with Moter. Price of 
‘an, 2c. No. 3 Motor, 110 voits,with 
6 in. Aluminum Fan, $5. Noe. 4, Sand 
6 Motors rave a Drum Armature, 
not a 3 pole, as in other cheaper 
es. Send stamp for circular. 
0 fi 18 Book, Coli, Condenser, 
X Ray ut it, Crookes Tube, Battery, etc. 
x producing ( ‘athode P povogzanne J0x12 in., gurantee: d 
Ed son’s Fluoroscopes, 8. X Ray book, 25e. ‘cloth cover 
ec., giving full description of all X Ray upparatas. 
Boston Motor Co., Heston, Mags., U.S.A 















Lunkenheimer S Regrinding el 


In CONSTANT USE cn? 
Government work, U. 8.= 
Cruisers. Lake and River 

Boats, Locomotives ; in : 


Power Plants. Holling = 
Mills, Refineries. Facto- = 
Ties, etc. 5 

| THEIR SUPERIOR MER- 
it and intrinsic value? 
can only be apprec lated = 
by actuail vse. 

ONCE USED ~ avasel 
used. Specify “ Lunken- = 
heimer” make and see: 
that you get it. None = 
genuine without name. 


Our Pocket Catalogue ¢ + 
gratie—Have you one’: 


The Lunkenhelmer Co.., 
Pactories, CINCINNATI, O. 


New York Store, gs: John Street. 


European Store: The Luanken Vaive Co. 
% Gt. Dover &., London, 8. E. 








yeni eras ener tee 





F. WEBER & CO. 
ENGINEERS’ AND DRAUGHTSMENS’ 


-. SUPPLIES .*. 


— BOLE AGENTS FOR — 
RIEFLER’S PATENT DRAWING INSTRUMENTS 
— AND — 
A. OTT’S PANTOGRAPHS AND PLANIMETERS, 
and other Instruments of Precision. 
Large Assortment of Mathematicai instruments and 
Materials for Schools and Colleges. 





1152 CHESTNUT &ST., PHILADELPHIA 
Branch Houses: St. Louts and Baltimerve. 
idl Send for catalogue Voi. ut 


IT’S IN THE SWINC. 





4-40 inch swing-- that’s why the 
PATENT DOUBLE SPINDLE LATHE 


is 80 pooaies in up-to-date bm Adapted for light, 
medium and heavy work, ap te inch diameter. Con- 
venient as asmall lathe. Ask for Uiustrated evidence. 


J. J. McCABE, 








1999 Ruby Street, ROCKFORD, ILL, 


tron Working Machinery. 14 DEY ST.. N.Y. 
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‘The Carnegie Steel Company, Limited, 


Sy 


MANUFACTURER OF 


BESSEMER AND OPEN HEARTH 














e 


BASIC STEEL OF ALL GRADES. 


QWNS AND OPERATES THE FOLLOWING WORKS IN PENNSYLVANIA: 


Edgar Thomson Furnaces, Bessemer. 
Duquesne Furnaces, 
Lucy Furnaces, Pittsburg. 
Edgar Thomson Steel Works, Bessemer. 
Duquesne Steel Works, Duquesne. 
Homestead Steel Works, Munhall. 


Armor Plate. 


Bridges, Ships and Tanks. 
Structural Shapes, 


Billets (1% in. 
Bars, Links, Pins and other Car Forgings, Connecting Rods, Crank Shafts, Locomotive Frames, Eye Bars. 
Steel Splice Bars (plain and angle) for all sections of Rails. 


Rails, Steel, 16 to 100 lbs. per yd. 
I-Beams, Channels, Bulb page, sa aise ms tara etc. 


such as Angles, 


Upper Union Mills, 


Duquesne. 


AT WHICH ARE PRODUCED: 


up), Blooms, Slabs, Coke. Ferro-Manganese, Spiegeleisen, Pig Iron. 


Rounds, Flats, Squares, Ovals, 


Structural Work, such as Bridges, Buildings, Elevated Railroads, Girders, Columns, etc. 


ATLANTA, BOSTON, BUFFALO, CHICAGO, CINCINNATI, 


GENERAL OFFICES: 


Sates OFfFiceEs: 


Keystone Bridge Works, Pittsburg. 


Pittsburg. 


Lower Union Mills, Pittsburg. 
Larimer Coke Works, Larimer. 
Youghiogheny Coke Works, Douglass. 
Scotia Ore Mines, Benore. 


Forgings, such as Axles, Arch 
Plates for Boilers, 
Rolled 


CARNEGIE BUILDING, PITTSBURG. 


CLEVELAND, DENVER, DETROIT, 


MINNEAPOLIS, NEW YORK, PHILADELPHIA, ST. LOUIS, SAN FRANCISCO. 





HALL’S improve 
PIPE WRENCH 





it is strong as weil as light in weight. 

it is drop-forged from tooi steel. 

it will grip galvanized as well as other pipe. 

it will open a malleable fitting without 
crushing the pipe. 

It cannot lock or wedge on the pipe. 


it can be sharpened on a grindstone or em- 
ery wheel without taking apart. 


(CE Sees 


As « Scaew Warencn it Has No Eovat. 


Any part of this wrench broken with fair usage 
wili be repiaced without charge. 


SAMUEL HALL’S SON, 
Wo. 229 West Tenth St., Now York. 











DUNHAM, CARRICAN & HAYDEN CO. 


SAN FRANCISCO, CAL. 
Distributing Agents for the Pacific Coast 








TRIMO PIPE 
WRENCH. 
Drop- onset from bar steel. 






Thread om aw and Bet WE pet ately or burs. Does not 
lock. No wooden handle te t 
TRIMO PIPE CUTTER. 


The best working. The easiest 
repaired. The strongest. 






It le co mrvqseaee 

from ai e 

wheel with rotis iuto « three-wheel cr eben. Srteubatitute 

ing (he two extra cutting wheels ihat aecompany each 

with s feeoptncle for’, in the haadie, that is provided 
Of same ( 

louwe A. Boid by all Jc sebere. see cut). Send for Cata- 


TRIMONT MPG. CO., Roxbury, Mase. 


Lotor ¢/ 59 


ry 
OQur Baby" Motor 
and PAN, postpeld, 
Special Motors for Special 
Purposes. Stam for eiroutars 
of the Premier Products 


M.R. RODRIGUES, 
Station A, Brooklyn, &. Y. 














STANDARD TOOL CO., CLEVELAND, 0., U. S. A. 











Solid Shank Bit Stock Drills. Fit any brace, and bore iron 
& 4 ¢ Safety Valves 
S O Gate Valves 

Water Gates 
Fire Hydrants. Brass Castings a Specialty. 
THE PELTON WATER WHEEL 
Embracing in its variations of construction and applicatio 


a Sl, 
Check Valves 
ROE STEPHENS MFG. CO. 49 Jefferson Ave., Detroit, Mich. 
THE PELTON SYSTEM OF “POWER. 


In simplicity of construction, absence of wearing parts, efficiency and of Sy 
pre ; condivons of coretne othe PELTON meets — ly all te any other 
ven for evelopment cf w r powers n irect application, oF 

ELECTRIC TRANoMESSI ION under ony head and any requirement as to capacity. 


Correspondence Invited. Catalogue furnished upon application, Address 


PELTON WATER WHEEL CoO., 


121-23 Main Street, San Francisco, Cal., or 143 Liberty Street, Now York. 
Name Stamps for 


STEHT. STAMPS Marking Tools, Etc- 
NE 

Alphabet Sets Lae te Bxty tee pee try TO Seabee ial Lieols ooo 4 
SCHWAAB STAMP AND SEAL CO., Milwaukee, Wis. 


Circular. 


scientific. Scientific.—Inside Front View. 
Sepa Showing Drop-water Chamber.—a New 
capacity over any similar 


ARGEST AND MOST COMPLETE 
LINE OF BOILERS EVER MADE 


For Steam and Hot Water Heating. 


Rapid Circulator, 15 Sizes. 
__ Selemtific: and Columbians. 


ed in the ted & 
tain $3 r pe od yO Great (a 


WARNER SAFETY BOILER CO. 

















Scientific.—Inside Side View. 


one-third to Boiler 


Cottage Boulers, Five sizes 
or Water, with Drop-water 











BETHLEHEM 
ROTARY SHEAR 


Will cut Sheet Metal and 
es 4 inch thick or less, in 

cireles. 

away, paz pen ponath. 


any width 
up to 31 inches. 


BRTHLEGEM POUNDRY AND 
MACHINE COMPANY, 
South Bethlehem, Pa. : 


FOR TIGHT FASTENINGS 


of anything to stone or brick, try 


EXPANSION BOLTS 


Absolutely safe and pimoie, In ® different 
styles. Write for Catalogu 


STEWARD 4 nomaan MFG. CO., 
Sole Mfrs. 121 N. 6th St.. Philadelphia, Pa. 


OUR {0th ANNIVERSARY 
ne os St 


INSTANTANEOUS WATER HEATERS 


Pgceme fuuther enlight you think 
pemeens ~ 5 —y oy Uf t 
ing the makers, 


The Instantaneous Water Heater Co. 


Ohio & Market Sts., Chicago. 


curves or 





—- 
cd 























New York sees 17 
838 Broadway. 6 Walnut St. 
San Francisco 
en thes Street. 719 McAllister St. 


EWART & SON, 346 Euston Roan, Lonoon, 
Exclusive Agents for the United Kingdom. 


THE WADIG SINGLE-ACTING STEAM ENGINE. 
Self adjusting and 
self lubricating. 









requiremen 
Portable ox 

fora aanerioultaral 

. pe Sensor 


H. Nadig & Bro. Mfg. Co., Allentown, Pa., U. S. A. 


RUPP se tisttor size ene for tral ioe, “if a a bo 








it areata 
KEEP COOL 

OS eee & than 

 ) Send for Proof of This. 


WN. Y. Fireproof Covering Co., 
36 Cortlandt St., N.Y. 














ONEIDA. NEW YORK U. S. A, 





Agents Wanted. 


JuLy 25, 1896.) 
‘URE 





“SUPERIOR 
OA 


@iinantoe 


The TWOONEY Leather 


Has no superior in the markets of the world. 
Received highest award and gold medal at 
the World’s Columbian Exposition, 1893. 


oS 


MOONEY Leather has greatest tensile strength. 
MOONEY Leather is most durable. 
MIOONEY Leather is most pliable. 
MMOONEY Leather has a beautiful finish. 
- « No Wheel Stuffing Process to Add Extra Weight - - 


PURE 
OAK-TANNED, 
HAND-STUFFED, 
NO. | 
TANNAGE 
AND 
FINISH 
GUARANTEED ! 





HARNESS 








ESTABLISHED 1837. 
SEND FOR PRICE LISTS. 


Scientific American, 


OAK 


PURE 
Ks BARKY 





mention this pub! 
known preparations. 
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WAn 
_ {International 
_ |Episode. 

"| To Europe and return, 


Si in a 20-foot open boat, the “ $029- 
DONT.”” Assomething never before 
attempted with so small a boat, this 
remarkable voyage recalls what 
1 Mme. Bernhardt said of Sozodont 
last Febrvary, in a letter toa friend. 
She wrote: ‘it is the only dentifrice of 
internationa! reputation.” 

The *‘ SOZODONT,"’ Captain Chari- 
sen and brother, sailed from New 
York June 21, 1896, for Europe. She 
is a twenty-foot open boat, built 
expressly for tre purpose. Promin- 
ent seaports in northern Europe will 

isited, and in the summer of 1807 


v 
tne ** SOZODONT "* will return to 
w York. 


A half-tone pecture of this boat and sample of Sozodont mail, provided you send five cents for posta d 
plication. Address HALL & RUCKEL, New York, Propristors of Gosohont and other well. 





sf 


REIN, 
BRIDLE & STRAP, 
BICYCLE SADDLE, 

CASE AND 





No use trying!—It’s mended with SPALDINQG’S. 


This celebrated Glue holds like a vise, and saves its cost over and over 


again. Always ready for use. Does not freeze or sour. Price, 20 
cents. Sample by mail for the ne PCE if you mention this popes. 
HALL UCKEL, Proprietors, N YORK. 





SHADES. 
THE BEST! 


LEATHER 











HOW EASY IT IS 
TO MAKE YOUR WARDROBE A POEM 


SEE 





Its capacity is then deuble the pros: Every 
article im aight, and you remove = acta ote ese 
+ be ~™ from om the tailora.” The The 

P erfection Yokes, garment bangers, - Se. doz. 

Special Pants Hanger (creases presses), 25c. each. 

Cross Bar (fits any closet or wardrobe), - each. 


Sent by 
or more, we wepeg ama by dealers). On $3 worth 
Address, R culars free. 
CUZIBR BROS., 


126 STATE ST., CHICAGO. 


Wholesale Agents. 
MARSHALL FIELD & CO., CHICAGO. 


Cc (rude Petroleum Burners, for Steam Boilers. The 
Hradford Buraer Cow Bradford, Bae 08 An 


RACINE YACHT & BOAT WORKS. 
The Racine Builders. 
Row, Sail, Steam,Gasoline & Vapor Launches 
Send 10c. for 64 page catalogue. 
Racine Junc., Racine, Wis., Station “A.” 


FOREE BAIN, 
CONSULTING BNGIN DEER, 














ELECTRICITY — MECHANICS 
Suite 1657-1659, Menadnock Block, Chicago. 





CABE 





A. WO 


ATENTED 
ERFECT 
ISTON 
ACKING 


ACENTS WANTED 


To sell the new Patent 
Combination Cooking and 


lender combined, in which 
any and ours food in in Cy 
istence can | 
steamed SS yg p— ¢ 
Burning or wasting] of 
food or scalding hands is 
absolutely prevented. 
They are manufactured 
of steel and best enamel 
~< in the market, and war- 
ranted in every respect. 
free, and territory secured. Address 
RMANN, 601 West Broadway, New York. 












ocnekite, Berfection ay 
> , ®t no 
oer ¢ tins by eta | 
RICHARDSON MFG. CU., Oth St.. Bath, Y. 


TELEPHONE SERVIC 


dividuals desiring efficient Telephone 
ate rates. The Callender Telephone Exch ange Co., of 
Brantford, Canada, will shortly establish a U factory | 
for the production of its telephone apoams us. The 
pany is now prepared to quote terms and make con- 
tracts for wutopnend service. The Callender system has 
over the systems now ip use, and it 

can be installed and fetintectory Yi 4 ee at A ee 


spondence invited, Satisfact« 
THE CALLENDER TELEPHONE “EXCHANGE ¢ CO. Ltd. 


Brantford, Canada. 
Print your own cards, 


ve SF 
ou « or a smal! 
Awake? 


= A al a 
Type “setting 

ABOUT OUR 
PRINTING PRE eam for cata- 


= | ed Send 
E PRES Sco., Reciden, Conn. 
BUY A 


Young Engineer's Guide 


AND BE 





Notice to muni- 
8 Cctpalities and in- 
Service at moder- 














DECOY ROACH ax 





85c. and we will send one prepaid to your 





PAT. AUG. 7 1664 


WATER BUG TRAP 


NO Poisonous Compounds, | 
Cleanest, Cotest and —. For all purposes where Perfect Packing is required 
The two wedge shaped pieces slide on each other 
This prevents binding and insures a perfect joint. The 
absorbent oi] cushions keep the rod well lubricated and 
reduce friction to the minimum. Adjusts itself to all 
irregularities of rod and box. 


Points that make it perfect 


The most elastic packing made. It is impervious to 
the action of steam. oils, acids, aikalies and sulphurous 
water. Insures perfect lubricatiun, most economicai 
requiring less frequent packing. Works equal)y well on 
heavy and light machinery. 





“P. P. P. Packing gave us betver results than any 


other packing we ever used." 
Edison Electric Illuminating Co. 


if you cannot obtain one from your dealer, send us 
our address. Made in lengths of 2 feet in ali sizes up to and tnclud- 


ing % inch. All sizes above 5¢ inch made in 12 foot 
lengths. Try it. If it does not suit you, you need not 
pay for it. That’s fair, im."t it? Let us mail you a batch 


DECOY FLY PAPER CO., Umireo, 
Detroit, Mic. 





A Practical Engineer. 


mA one | latest gates tastes 


58 fl- 
re 3 Se ai SO. 


ad, 
J. oo ‘Rens! N, Racine, Wis. 





THE HATMAKER———. 
MORTGAGE REGISTER. 


B. J. HATMAKER, Box “8,” ALBION, N. Y. 


of facts about all its good points. 


C. A. DANIEL, Sole Mfr. 


Compact, yaaa Geevemiens. 4 SPP ig 
PRKILADELPHIA, PA. 


examine. Capacity, 100 mortgages. 








Electrical Supplies and Apparatus 


Of Every Description at Manufacturers’ Prices. 
We make a Specialty of Work for Amatcurs. 


CLYMER & HEILMAN, 


We Solicit 
READING, 


PA. 









sx: 


DURANT’S COUNTING MACHINES ‘.: record 


work performed by your automatic machinery 
Counters z ters received 


.++ SEND FOR CATALOGUE. . 
W. N. DURANT, 233 Twenty-second Street. MILWAUKEE, WIs. 


an accurate 
the amount of 
orrects and ents 


rt at the World's Fair. 





AGENTS 


[t draws your 
fi 





Garpet Stretcher + and Tacker 


The “ Belvidere” entirely new principle. 
your weight with the manor No ‘marring baseboard, pounding 


_WANTED 








ESTABLISHED IN 1844. 


Marston’s Hand, Foot and Steam Power Machinery. 


oldest established manufacturers of 
Hand and Foot Power Machinery in 
the United States Ne Cee 


SUPE EC EEE EEE EEE EEE DED EEE Rete tee OnE bee tenet 


UR machines are very strong, accurate- 

ly made and of best material, and are 
guaranteed in every respect. All shafts are 
_.. of turned steel, gears are automatic machine- 
¥ cut from solid iron, boxes are genuine babbitt. 


nierin ie 





with the 
ers, or getting down on the knees. stands in an u t 
sitfon tg nto oy oan en eae ctee is simple and will arive . END for our Dllustrated Circular and 
0 tacks per ‘minute, can be driven in corner closer than with Price List 
bammer. Every machine Good commission. Splendid . lee oe 
fidin Qe area BF daca) gla oat OR 
. Write for and 5 circular A. Sample Columbia TON CoO 244 RUGGLES STREET 
a 1 * . - . 
Sao N SRE TEI we J. M. MARSTON & CO, Sa a 
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~ THE DUNCAN COMPANY 


MANUFACTURERS OF 


High Grade Book Paper 


PIACHINE FINISHED AND SUPER - CALENDERED 


























Product, 40 Tons Finished Paper Per Day 











ae ee _— 


GENERAL VIEW OF THE DUNCAN COMPANY'S PLANT ON THE HUDSON RIVER AT MECHANICVILLE, W. Y. 


Chemical and Sulphite Fibre 


CHEMICAL FIBRE, 40 TONS PRODUCT PER Day 
SULPHITE FIBRE, 25 TONS PRODUCT PER DAY 





Our exceptional facilities enable us to handle the largest contracts with promptness and satisfaction 


_ _-_ 


GENERAL OFFICE, SALES OFFICE FOR PAPER, 
HARTFORD, CONN. 101 TIMES BUILDING, NEW YORK 
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pring’.’Seat." Post 


ardsley’s Patent.) FITS ANY WHEEL, 
THE SPRING IN THE RIGHT PLACE AT LAST. 





<es up all vibration. 

‘kes Fiding easy. te of riders, 

table toe WS ts pal 
lience desired. 






PREPAID $5.00 


Has two strong points 


COOLNESS AND COMFORT. Correct form 
and construction, Pestol, for both 
sexes. The frame is made of Aluminum an4 never. 


which makes a strong soy 
of the Saddle is covered with cane seating, whic 
is both du le and comfortable. Every Saddle 
yuaranteed, &®™ Circuiars free. 


CHICAGO TIP AND TIRE Cw., 
15 to 21 La Salle Street, Chicago, Ill. 


BOW TO REPAIR SIGYGLES. x 


An Iliustrated Treatise, geuering the entive 
subject, by a pee | ae a neces- 
sary tools an post- 
paid, for 15 cents in stamps. 


THE FRASSE CoO., 


21 Warren Street, NEW YORK, N. Y¥. 





Scientific American. 


THE UPTON 
Arc Lamp 


FOR ALL CIRCUITS. 
Cheapest to Buy, Use, and Maintain. 


Thermometers and 
Pressure Indicators 


For Gentral Stations, Steam Plants, and Water Works. 
Standard Thermometer & Electric Co. 


39 CORTLANDT STREET, NEW YORK. 
John Hancork Bidg., Boston. 26 Lunig Bidg., San Francisco. Appliance Co.,Chicago 
FACTORIES: PEABODY, MASS. 




















AMERICAN WATCH CYCLOMETER 
Guaranteed for one 


x} Ligtvest” weigha 8 ¥ 


‘a =... ameter 18 in P 
the pags th three years The most accu 
meter on the ma market 
older fe for attach- | Fits on fork, 
to Bieycle 2c. eate xle. 


be perfect. 
Watch or Cyclometer mates, st for $1. 
G2 Circulars am ° 
R. H. INGERSOLL & BRO. Dept. 4, 65 Cortlandt Bt. New York 








A POINTER‘ 
Of all hand stamps ever in- 
vented, . 


BUCK’S PATENT 


Flexible Hand Stamp 


It prints © n any surface, either plain convex, concave 
1, being formed of rubber t mounted on a 

A few first-class genera! 

el Sesrthery will D be given. 


I. $. BUCK, laventor = Sole Sle Manufact 
127 Worth Street, N. Y. City. 


Let us tell you how to 
get get big returns fo for a 


we mate em 
100,000 res in stock. 
Write for Catalogue A.M. 
Mcintosh 
Battery & Optical Co., 
CHICAGO, 


Wolcnaa’sLmponed Time Deere 


This instrument 
is supplied with 
2 and & keys, 
covering either 
2 or & stations, 
A} Contains all mo- 
dern improve- 
ments, 


Send for 
Circular. 


_E. IMHAUSER, 206 Broadway, New York. 


ISIN 
nigiNG 


RAPID C} 
hae “AIR CUSHION” 


IN + 
PUBLIC 
RUBBER STAMPS 
(Metal Mount and Flexible 


"9, 
M isi 





‘ushion. 
— a 


net 
rante 4, 






























y ol \ Cushion) 
BBER IS Make a Good Impression 
i! x oy | PUA on Any Surtace 
¥Y DURABLE, 
NOISELESS, 
INEXPENSIVE. 





Special prices to introduce 
First line 
Additional lines 


Indelibi yu 4 
e aaatens Outs 


Hecate sade 8 


Mailed on receipt of price. 
Satisfaction 





guaranteed. 
“ Booklet” for the asking. 
16 page Catalogue for 10 cents 
in postage. 
Address Retail Dept., 
The R. H. Smith Mfg. Co. 


OMAZr=E w-izmMO>P 


CEM ECC BEATER. 





} , lnvention of ote Boston wae. & Age Bhectal export p telcos 
gobo: le, by ma export prices. 
Kon ine England Novelty Mfe. Co. “"F 
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Bicycle Spring Seat Post. 


Avoids all Jolt and Jar. 
“Hygienic Improvement to Bicycies.”’ 















Recommended 
FITS ALL BICYCLES 

b hi jane, 
with % INCH OR eke Ciateo that 


LARGER aad the coustant sud- 
HO” den jar to the 


CAN USE ANY body causes injuri- 


GnSeLs, ous effects. 
| AvoIDS Raised and lowered 
PUNCTURED same as any seat post, 
TIRES. and adjusted to any 
SAVES 75 weight. 

PER CENT. Makes your bicycle 
iN WEAR run easier, because u 
or can blow up your tires 
WHEEL. solid without fear of punc- 
ture. 

PRICE, 
$3.00 


Cc. O. D. with privilege of two 
days’ trial. 
(In ordering give exact size of 
seat post hole.) 
Agents wanted, 
ladies or gentlemen, 
libera! commission. 


BROOKS SPRING SEAT POST CO., 


1540 D MARQUETTE SLDC., 
CHICAGO, ILL., U. 8. A. 


Cypress Lasts Longer 


than any other wood, It is 
best for Tanks, Tubs and 
Vats. What size tank do 
you want? Tell usand we 
we touch bottom on price. 
Spot cash. 


s CYPRESS CISTERN CO. 
Bridgeport, Filia. 








Copying c loth. Gores perfec ctiy. Non- 
paving esting. dos. sold. Trial pair 
Chiseno i. #. RK. Spurvin, Sta. 0, 


TANES. 


We manufacture all kinds and sizes of 
CYPRESS TANKS. 

G. M. DAVIS & SON, 316 Lemon St., 
Write for Catalogus. — __ Palatka, Fla 





Wt 








Siccaas~ => lene 


ot AD IN Bs 
WE MAKE A SRECIALTY OF 


aenan ‘f 
oer 7 WASHINGS FIR,® LOUISIANA 


Ue 


{Lh fe 





a LARS 





Ice, etc., on a Sow minutes, and =e 


Filters, $1.25 and up. Cookers, $1. Peiteatour 
to prepare one’s seif soda water, $4. ug 128 W. 26th 


andup. L. DERMIGNY, 


Family Ice Machine 


ICE 


MACHINES, CORLISS & SLIDE VALVE ENGINES, BOILERS 
(ALL sizks), BREWERS’ AND BOTTLERS’ MACHINERY. 


THE VILTER I1FG. CO., iitwathee, wis. 0.5.4. 





4“ * ” . 66 

Monitor” Automatic *“* miereonticonsy MARS” 
Acetylene ou om... Physical, Chemical and 
shoeetemmei@atiin ite eee Bitte, Electrical Apparatus. 


Halis, Gardens, Models, Special Machi 
a alight cheaper than elt y =— Villages and Towns. ee caente -_-¥ in the ely 
WALMSLEY. FULLER & CO. 134-136 Wabash Avenue, Chicago. 


Manufacturers. Send for Circulars. 


sure sim, \e, scientific and satisfac- 





$50 Buys THE HARTFORD 
The Highest No. 2. 


Grade, Best 
Made 


Type-bar made wide, with 
side guide, Alignment perfect. 
Ribbon moves crosswise and 


action the lightest made. 


Machine : 
Ever Offered. .acmne susrantont. Cir. 


THE HARTFORD TYPEWRITER CO., 1 Laure. ST., HARTFORD, CONN., U. S. A. 


SPEGIALTIES IN WATGHES! 


AIEI GRADES AND S125. 


Our [lanufactures Comprise . . 
Men’s and Ladies’ Watches. 

THE TRUMP, the cheap nickel watch. 
THE TUXEDO, the fine watch. 

THE ELFIN, the smallest watch. 


PATTERNS AND STYLES FOR ALL COUNTRIES ON THIS GLOBE. 
=em 


The Trump 
Gyclometer 


The Perfect Wheel Recorder. 
Catalogues of all our Specialties sent on application. 


THE WATERBURY WATCH CO. 


























Headquarters for Stamps, Seals and Stencils. 


DOVER STREET, WATERBURY, CONN. 


ADJUSTABLE BAND FASTENERS 







The Best in the World. 
Try them and you will never build 
another tank — vat Wie. 
fastener. The The \ Vinship Mfg. c oe. Raci ine 


High - Grade Row Boats 


$35 


~ Ri wy transom, nwaies, and to streaks fin- 
ished in natural wood. * ieeond Grade Honts. $30. 

All boats hand-made, after Peterson model. War- 
ranted. steam, Sail, Vapor, aud Gasoline 

au pegen made te order. 5 ppecettens furnished. 

baif with order, balance C. 
THE ST. JOE RIVER BoA WORKS 

Box 485. 


t. Joe, Mic higa n 
NO FIRE, SMOKE OR HEAT. 





de, Square stern, Cedar 


feet lor “0 inches wi 
4 ok Oak t and C opper fastened . 





ABSOLUTELY SAFE. 








("Send for Catalogue. 
, Drower 9, St. Joseph, Mich. 


$250 and ~~ 
Truscott Boat Mfg. 





wane eA G Orange a | AUNCHES 





‘on error! Smoxe of 
OR FIRE. oo08 
‘MONITOR VAPOR, ENGINE R @OMPANY 


Grand Rapios, MicHIGAn. 
a. OFFICE. LUDLOW STATION, YONKERS, &.¥ CATAL QGUE EAE 4. 








1 ANY TY PHEwRiItTeR 
We have machines of 
ovesy make. Guaranteed 
in perfect order or money 
refunded. Sent anywhere 
-_ > batvilage of examin- 


“TYPEWRITERS 
Seld, Rented, Exchanged. 
Write us before buying 
Send for tilustrated cata- 
—, ue of new and old ma- 
National Typewriter Exchange, 214 LaSatle St.,Chicago. 
ACGCENTS We have them —articles 
that SELL. Don't stop to 
write for circulars. Send One Dollar for Samples. If 


not pect return them and t your money. 
OWN & CO., askegen. Mich. 


Shorthand by Mail. 


Quick on thorough instruction by experienced re- 
he best system of stencaera aphy taught. 

udents dueed for responsible office and reportorial 
tions. A speedy and economical way of acquiring an 
mportant genenvaphie educaion., Stenceraphy is the 
one profession the ranks of which are noi overcrowded. 
of important government situations now waiting 
to be filled for want of eligible candidates, Begin and 
learn shorthand now. It will be of incalculable bepetit 
to you in the fature. Have your sons learn also. rite 
for beautiful prospectus and first ieeson mailed free. 4 





| Potts’ Shorthand College, Williamsport, Pa. 








rio 


Scientific American. 




















The World Renowned 


AUTOMATIC INJECTOR 
L00,000 


(30 CAR LOAD®) 
in Actua! Daily Operation with a Total 
Capacity of 30,000,000 Gallons per il 
WHAT THEY DO: 
START LO w 





S iba. ctoam on 4 ft. lft 


WORK HICH 


——— 445 to 155 Ibe. of steam 


LIFT WATER 


——B) ft. on @ to & Ibs. steam. 


HANDLE HOT WATER 


——=i0" to 128° at & \bs steam. 
i 125 , 2 _ 
w w"*m * . 
SPECIAL {INJECTORS 
Made to do apectal work 
Work high to 2% ibe. steam if desired 


GR Send for our catalog of speciaitics 


PENBERTHY INJECTOR CO. 
116 Seventh St., Detroit, Mich., U.S. A. 














Agents wanted in all parts of the world. 
a a i ae , 
Sah HC. taco mam z ee | 

a 
— canes [pager nas imei 


wit 


jne “anders Cat! - oe.) ei 
_aPive inde* pao permits pe aan: 
= or and Inet all ch ve td 
It unites } pre ati - »- pening of x iT 


nt 


Las e 
a pers it saves > convenient + 18 if 
aa * +e in the me tT 
age a Mian. }+ 
he mart son. St. Cloud, = 
Hu. Ander age 
TT +--e r tet 
ag oe St eo oe 
Copying Cloths make sharp, clean cut let- 
ter copies, Suited to any bath cr wringer. 


2 for trial, ie. poetpaid. Agents wanted. 


ie — 


&. Spergin, Sta. ©, ( 


FLIGHTNING WELL MACHY 
PUMPS, Als 


AE ES q 
E AMER 


FOR 2 SALE, “LOOK! 


Second-hand (extra quality) an 
Engines, Boilers, Steam Hammers, Shears, Punches, 
Cranes, Shop Machinery, Rolling Mil! and 
Blast Furnace Equipment 


CAN WELL 


“uit 





Locomotives and Cars second-hand. New Locomotives 
ali sizes, gauges and styles 
B. M. EVERSON, Si Smithtela St., Pitteduarg. Pa. 
Sales Agent, BALDWIN LOCOMOTIVE WORKS. 


Harrison Long Distance Telephone. | 


hie tilustrates our improved | 
looe @istance tele 
The tranemitter le con- 


standard 
phone 





switch and m place of a pus 
burt shunt ihe generator, 
the mere pressure of turning the 
cTrans ute in the generator 
Ceretoi attention ls given to the 
inspection of all parte of the in- 
stramenta by competent electri- 
moe before they are assembled, 
t ‘void any possibility of faulty 
mec\niem. We aleo manufac- 
ture the most complete and per- 
fect 2» orking switchboard made. 
Fo r prospectus snd genera) in- 
formation, write to the 


Harrison International 
Telephone ConstructionCo. 
ROOWE 616-816 


MARQUETTE SYUILOING, 
cmicaco, ILL. 


RUBBER COODS 


OF... 
sw PERIOR QUALITY 
FOR ALL 


MECHANICAL & MANUFACTURING PURPOSES 





BELTING, VALVES, 
HOSE, TUBING, 
PACKING, MATS and 
GASKETS, MATTING. 





MANUPFACTUKED BY 


BOSTON BELTING CO. 
jas. Bennett Forsyth, Mfg. Agt. and Gen. Man. 
as4 DEVONSHIRE ST., BOSTON. 


100 and 102 READE ST., NEW YORK. 


CATALOGUE FREER 





| EXDEpT MODEL MAKING \ 


ecructed of materia) that is non- | 
packing equires Ooniy one 
cell of battery. induction coll 
ie eapecially wound. The receiv- 
er is a cornpound magnet bell re- 
ceiver. The generator is made of 
the best Megnet steel and rings 
clearly and distinetly thre ng 
TY ms résistunce. All con- 

nections are sol fered The mag 

neto ts eqnipr ped with a gravit 


THE SIMONDS SAWS AND KNIVES 


e BAND (\\\ stati a aed 
CIRCULAR 
CROSSCUT 

Machine Knives of all kinds 
Avoness: SIMONDS MANUFACTURING CO., Box 716, FITCHBURC, MASS. 


WHEN HE CAME AND WHEN HE LEFT. 














THEO. ALTENEDER & SONS, 





The Standard 
| Time 
| a et 


947 RIDCE AVE., PHILADELPHIA. 


|INSTRUMENTS 


=®™ Seno FoR CATALOGUE. 


Stark No.4 Bench Lathe 


with Automatic 
Turret Head 


JOHN STARK 


WALTHAM, MASS. 
Mm Chas Churchill & Co. 


employe can't 
coment at the 
| he --% tes the 

device and sees 
just what it re- 
cores ie to 
agains m. 
Ma 


kes emgnores 
yard hots of it. 





rr ay saves work, saves mone 
Ask for illustrated booklet, telling all about it. 


THe STANDARD Time Stamp Co, 
644 WASHINGTON ST.. 





New vemn, N. ¥. 
ie” Send for catalog B.L. 


3-06 Wet Randel; 
rose Street, Finsbury, ae kt 


Graduated sae m Calipers. 


For all Trade and Scientific pur- 
poses. Vernier and Metric Systew. All tools 
. qrvenees accurate. [Send for circular and price. 
Address E. G. SMITH, Box A, Columbia, Pa. 


fut ‘Bees. 
is 





















and ayer 
139, 141, a3 Genus Street, New York. 





The Detroit Sight Feed Lubricators 


are our specialty. We were pioneers in the industry, 
having been the first firm in the world to equip a loco- 
motive with a sight feed lubricator, and for over twenty 
years we have been manufacturing, experimenting with, 
and improving our devices. As a result, our present per- 
fected lubricators for Locomotive Engines, Stationary 
Engines, Portable, Traction and Hoisting Engines, Gas 
Engines, Air Compressors, Steam Pumps, etc., are univer- 
sally esteemed the best and most reliable articles of their 
kinds. They are in very general use on the leading railroads 
of the United States, the Pennsylvania System. olone hav- 
ing about 5,000 of our locomotive styles, and on several 
foreign railway lines ; they are being specified for nearly all 
the high-grade engines being built and for Government ves- 
sels and plants; and they were awarded the Gold Medal and 
Highest Premium at the World’s Columbian Exposition in competition with all other 
existing makes. Fully 300,000 engines in all parts of the world are equipped with 
the Detroit Sight Feed Lubricators, and the demand for them is constantly increas- 
ing. We issue three catalogues; one descriptive of our Locomotive Lubricators ; | 
one for our Stationary and other Engine Lubricators, Brass and Glass Oilers; and 
| one for our full line of Steam and Hot Water Radiator Valves and Globe Valves, of 
both quick opening and screw stem styles. Any or all of these catalogues will be 
sent on a Every one of our Lubricators is guaranteed to give satisfactory 


“Detroit Lubricator Company, 


| Orrices, HODCES BUILDING, DETROIT, MICH., U. S.A 


A Beautiful Jewel Casket 


Will be come Pen for only 25c. in stamps. Worth 1 dollar. 
Very beautiful and handsome. Scroll pattern. Ey 
home should have this elegant casket. Send now. vas 

| every order we also sond two large catalouues = 

zies, tricks, nove ‘ties, and hundreds of other g 

Casket is 6 in. nigh. 5in. wide and 4 in. broad. Send at 
once, and you will be twice pleased. Address 


Puzzle Co., Wausau, Wis. 


Che Photographic Primer 


By J.C. WORTHINGTON and J. C. MILLEN, M.D. 


THE PRIMER ix 
a simplified, accurate 
book on photography, 
and shonid be read by 
every amateur. 


Prees and Public indorse the book as the first real 
helper offered the worker in photography. 
The Photographic Primer is bound in Art Vellam and 
for sale by all booksellers, or will be sent post- 
paid on receipt of Ome Dollar, 











Ne other Sash Lock ts se well andersteed or 
‘appreciated by Architects. 














| Ne ether Sash Leck has as large a Sale. 


SUPERIOR TO COTTON WASTE 
Endorsed Fire Underwriters. 
Safe, durable, cheaper. 
Agents wanted, 










FREE! Prospectus of Primer and an interesting 
book on 
FRENCH SATIN, JR. 


THE STANDARD 
BLUE PRINT PAPER, 
Also sample print and price list. 








J. C. MILLEN, 
923 Arch St., 
Philadelphia, Pa. 











“Copy Y Your Letters and Telegrams on the New Improved 








ANDERSON 


AUTOMATIC Corvin MACHINE 


a combines the Screw Press, the Cloth ath, gad Be Cs ing Book mn nme. ant makes perfect 
sapien letanty. a pogeuces SHEN Y"A comted efect Copy? 
Y sig RSON, oi Wonndneck, CHICAGO 


CLEAN HANDS. - 


y buys a STOVE POLISHING MITTEN 
at res ie a stove — and Not than 


a 

























‘Welch cee 


[JULY 25, 1806. 


LIGHT FOR STREET 
AND DRIVEWAY. 


TUBULAR STREET LAMPS 
The No. 3 Tubular Globe 
Street Lamp gives more light 
with less oil and less care than 
any other pattern of oil street 
lamp in the market, burns 
four hours for one cent, and 
can be regulated to burn from 
four to sixteen hours, 
Tubular Lanterns, 
Tubular Station Lamps, 
Locomotive Head Lights, 


Railroad Lanterns. 
STEAM GAUGE & LANTERN CO 
SYRACUSE, N.Y. 











BUCK 
CAST 


BROS. 
STEEL 


aig po se ei 
ADVANCED SCIENCE! 


The latest revelations in modern photography fully 
illustrated, 


nowtee” X-RADIOGRAPHS “5: 


Being Untouched Reproductions of Negatives, repre- 
senting the most careful and finished work - the lead- 
ing Professors in our colleges, by 
= whom | am enabled to sane a series « of pictures 

howing the results of their experiments, 


A COLLECTION OF WONDERFUL PHOTOGRAPHS. 


Curious peo in human and animal anatomy. 








Mounted Pho P xy, Rega: Se 27, $2.50 
ne mention me ©. 
ep ty Sets of Five, $7.50. Seta of Twenty, 


WILLIAM BEVERLEY HARRISON, 39 Fifth Ave., N.Y. City 


SHUTS UP LIKE A TRUNK, 


Bakes bread and 
roasts meats. 
Things cooked in 
it keep their full 
flavor putri- 
tious qualities. 
Brow 








TAPERING 
RUBBER PLUGS 


are the ideal tire menders—cannot slip or be punctured 

anew. Send five 2 cent stamps for assorted samples. 

BICYCLE APPLIANCE CO., 1004 Walnut St. 
Mention this paper. Philadelphia. 





USED 


~ 
-_ 


SABIN MACHINE CO. 
f 





Dergts 


In nine cases out often, a good shave 
depends on a good razor strop. An 
infallible guide to the purchase of the 
finest strops that the longest experience 
and highest skill can produce, is the 
name TORREY. Your shaving dim- 
culties are over when you geta 


‘Torrey 


RAZOR STROP 


Are made in all styles, 
Complete catalogue free. 
Tells how to use a strop. 


P. 0. Box 1047. Worcester, Mass., U. S. A. 











JULY 25, 1896.] 


Scientific American. 












ITER 


” RITER 
ERB 

If your stationer ar 

— of We ral seme vend ‘at 

once, postpai 

Ribbons, ~w -00 each, 

$9.00 doz. 
Carbens, - 60c. doz. 


84.00 ver ben. 
(Aine dozen in box. 
If we cannot please ion, 
bave your money return- 
ed. Everythi abso- 
lutely 


IMITTAG & VOLGER, 


Park Ridge, N. J., U.S.A. 


EUREKA. LENE cc 


“EUREKA 








Ma: too to be . 
its makers wil refund tho 
a 
$15 camera on the 


but its makers 
The NEW QUADRUPLEX PLATEHOLDER 


be 
THE “QUAD” CAMERA 
price paid for it, if its —- 
is what does it. 


°e AT $5.00 e 
t found to equal that 
oe at = es 
ciao x 45¢ x 6 inches. 


Size of picture 344 x 34 inches. as 
If your dealer does not keep them, 
2 send us two ic. stamps for sample of 
the work and illustrated ogue. 








Mfg. for the ne Trade. 

Kop low. fa 
TU INVENTORS. hy X ne Machinery 
: Medele, ate tak a Ne Hanes te sintokont cen 


n provement that he can _—_- the 
‘nousands of men have erode 


val- 
ideas, W lack mechanical aL 
and L- 4. ted arti manufact 
meee Seneca *t.. Cleveland, Ohio. 


For conveying and mixing 
materials. 


CLOSE & CONE, 126 State Street, CHICAGO, ILL. 
H. W. Caldwell & Son Co., 
125 W.Washington St. 


Ac sy gga wey A’ A-4 
LO N Vv E Y V¥.0 ¥V:.R Chicago, Hil, 





The Backus Gas Engine. 


a ge ny best. Has 


makes 
that were ae 
then _ fueeaaee 


Bend | for Catalogue. 
Ch Water 
Motor&FanCo. 

17) £ a3 om” 












A (CLOSE SHAVE 


An ds al | Easy and Rapid one:: 
red by (seman use of the 


THE PRATT & WHITNEY Co. 


HARTFORD, CONN., U.S.A. 


Hine Machine Tools 


COMPLETE PLANTS FURNISHED FOR 
Bicycle, Typewriter, Gun and Sewing Machine Makers. 
Gages and Small Tools for General Machine Work, 
DROP HAMMERS AND TRIMMING PRESSES. 
FORGING AND TRIMMING DIES, AUTOMATIC WEIGHING MACHINES, 











PNK SARGTY "AIT Ml 


Can be used safely anywhere on land or sea, day or night | 
RAZOR COMPLETE, $2.00. 
Stropper and Strop, $1.75. Both in one case, $3.75. 
E. LOTHAR SCHMITZ, Manufacturer, 
92 and 94 Reade Street, New York, N. Y. 


TOWERS «x0 TANKS 


PATENT SECTIONAL 


ALL IRON TOWERS 


of 4 and 12 Columas, 


for Water Works, Cities, Towns. 
and Manufactories. 


PLAIN, ALL WOOD TOWERS 
ELEVATED TANKS 
for Automatic Fire Sprinkler Plants 
Manufacturers of 
IRON and STEEL TANKS, 
na Red Cypress Wood Tanks 
a Specialty. 
W. £. CALDWELL CO., 
219 E, Main Street, 
__ LOUISVILLE, KY., U. 8, A, 


Umbrella Attachment for Bicycles. 


rain. senses spieeh- 


is valuable ry Ls Hoyty 


ted 

i sor sale or to 
manufacture on royalty, For terms and 
ticulars, address 


EFFIE M. BATTENBERG, Decatur, Ind. 


The Van Noman Universe! Ranch Lathe 


hine, 

















from sun 


Protection 
ed to any bi 
560,077. 









sich Tool Oo, 


a MASS. 
G3" Send for 





MATCH MACHINERY. 
RAY i Sues SPU 22S 


N.Y. CAMERA EXCHANGE. 


505 Saved on all makes of Cameras 
Headquarters for ing, Sell- 


ing, and Exchang eras or 
eh , alwi 


Lenses Large 
on pend. 
"ihe eerePapeae = 
scription 

inte "samp Jor Jor bar- 
gain list. 
N. Y. CAMERA EX EXCHANGE, 43 Fulton St., 












YORK. 


‘LEVY CYCLE CLOCK. 


A PE men ae Smepiece for Wood: 
“EEas fana't c eae Mf ithe Bicycle. 
K fopess. Neatly arranged 


§ ring. 


i second han 
ranted good timekeepers. Illustrated 
3 circulars free. P $2.00. 
#4 Pa. 


LEVY CYCLE CLOCK CO. 
5 Wire Foi ming Mechines 






1819 Ridge AVes Phila., 








1 9 


4 Man ville’s Pat- 

a) Pent ™ soll “ot round, 
ec 

7 6 flat or square wire, same as 
A) TF one e cut. 

ire Goods furnish- 


2° eJe ai BLAKE & JOHNSON, 


Box 7, Vaptqeee , 
Cons. Ut. As 











coRATED 


meTALe 






444 
“477 +PER 
44, 





FOR ALL CLASSES OF WORK. A REVOLUTION IN WEIGHING AND MEASURING. 
BUCK & HICKMAN, 280 Whitechapel Road, London, E. CHAS. CHURCHILL & CO., Ltd., 21 Cross 8t., 
Finsbury, London, B.C. F.G. KREUTZBERGER, FENWICK FRERES & OO., 21 Rue Martel, Paris. 


BOSTON—281 Franklin St, 
NEW YORK-—123 Liberty St, 


Soap? Sponge Rack 


|‘ CHICAGO- 42 and 44 South Clinton St, 











“AMERICAN” 


STORAGE CELLS 


ARE THE MOST 
DURABLE 
ano EFFICIENT 
FOR ALL PURPOSES 
Medal Awarded, Chicago Exp., 1898. 
AMERICAN BATTERY CO., 
44 W. Quincy St., Chicago, lil. 
Send for Descriptive Circular. 
Established 1889, 


= IN BAD ODOR 


—everything that is many bours 
in the old style of refrigerator. 
That is unavoidable from its con- 
struction. in the new and patented 
Read’s Odorless Refrigerator, 
Onions, and all kinds of vege- 
tables, fruits, Osh, meat, cheese, 
butter and milk can be kept to- 
gether without any fear of spoil- 



























PRACTICAL. ADDS TO THE COMFORT OF | 
THE BATH. SOAP AND SPONGE IS ALWAYS | 
UNDER YOUR HAND. A GOOD SELLER. $1.25 | 

each. Have ’em cheaper and also more expen- 
sive. Ask your dealer for it, or write to 


ing by ——- jon, izegeives 

less | eeds no washin, ut. 

Money refunded if not as Tepep- LEO FRANK, Maker, 
sent Send for catalogue 


171 Fulton St., New York. 
[eee Discount to the trade. 


Ta testimonials. 
5") poe 


Ys 
aay ready NGUGA TENN 











Write foo ont our new book, The Sart ars of Stammeoring, by Gi by Gre. 
ss wy te a en Rage eet 20 years. 








fll particulars regard 


ox Ss 
LEWis "SCHOOL FOR 
STAMMERERS. 41 Adelaide St., 


DO YOU |: 


STAMMER? |. 




















wee SStcam Pressure 
STERILIZING AND DISINFECTING APPARATUS 
—FOR THE— 
SURGEON, HOSPITAL AND HEALTH DEPARTMENT. 
ASEPTIC SURGERY IMPOSSIBLE WITHOUT THEIR AID. 
ADOPTED BY LEADING EASTERN HOSPITALS. 
CORRESPONDENCE SOLICITED. 


THE SHIPMAN ENGINE MANUFACTURING CO., 


Sore Owners Prime Letters Patent For STEAM PRESSURE STERILIZATION. 
Rochester, New York, U.S. A. 
BUILDERS: Shipman Oil Sagias, Moripe Engines and Boilers (1 to 40 horse power) | 
tomatic Pumping Outfits. 


All Fruit Growers will be interested in our new Steam Power Spraying Outfit. 
Printed Matter? 








More Userut OwWarer Tuan eves On Lan 
RequinesNe:tHner Seite Or Strencty 
Amy One CanRun Boat Forwaro, Bacn, 

— + Steer Or Stop. = 











| 





1: OmyPORTABLE Evecrric Propet.er 


ArracuTeo Any Row Boat. 

















» sum of $20,000 will be paid. 





Wannfectrer 











$10,000 Life. $10,000 Accident. 
EXAMPLE: 


Age 35. Annual Premium $2091. 


THE TRAVELERS 


INSURANCE COMPANY'S 
INCREASING 
WHOLE LIFE POLICY 
Good at the Beginning and Good at the End. 
RESULTS CUARANTEED. 

All Policies issued at age 35 for 


$10,000 will on their 20th 
Anniversary be guaranteed a 





paid-up valueof. . . . . $8,740 
Cash Surrender Value of . 3,975 
On the 30th  serrecmaneanied a paid- 
up valueof . . > ae eR Oseee 
Cash Surrender Value of . 6,785 
| On the 40th ” parece a re 
up valueof ... - » 14,273 
Cash Surrender Value of 9,978 
ea the 45th Anniversary a paid- 
up valueof .. * . 15,303 
Cash Surrender Value of . 12,452 
|On the 50th coed % —— 

up valueof . . - »« 20,000 
Cash Surrender Value of 17,000 


| No premiums required after age %, and the values 
stated are absolute 
a Se to ten, twenty, thirty or forty pay- 


men 
| The = is non-forfeitable and incontestub!e after 
the h anniversary except for fraud. Paid-up and 
A 8 values attached to each and every year after 

| the third. for which the premium has been paid. 


The ‘we 4 will be accepted by the company as a 
collate: ter the fifth year for 75 per cent. of the 

| reseuye either as a temorary or permanent loan. 
he 30th anniversary the policy can be made self- 
| enpporting for the full amount, and return annuaily 
ja 3 in cash. Deferred untii the 4th anni- 


in lieu of additions, fhe annnal eash return 
above the premium charged wil! be $520, 

The policy is atany time afte , “the 2th anniversary 
convertible into a life annuity, or an annuity certain for 
a fixed term. It gives a larger insurance af the be in- 
ning, and a larger guaranteed increase at the end, than 
any life policy ever issued for the same premium. 

Until the Wth anniversary is reac bed, in ease of death 
by External, Vivient and Accidental Means, the fui! 
Between the Mth and 0th 
anniversaries, $24,000. Between the 30th end 40th, $24,321. 
Between the 40th and 45th, $21,763. The accident insur- 
ance ceases at age 80, and the premium is reduced 
$20 per annum. 


JAMES G. BATTERSON, President. 
The Berkefeld House Filter 
The only Filter Removing Pyphota and Chotera 

Bacili, Tested and indorsed by man y 
leading authorities 'n Burope and Am 


erica. It gives a continuous flow of fil- 
tered water, absoiutely free trom germs 
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t Fe} It is easily cleaned, as all impurities re 

<q main on the surface of the filtering 

gust cylinder. Cylinders can be s‘erilized by 
ts ing in water for my’ “te Send for 
3 boiling | ter f - f 

E 7. circulars and prices ¢ 

23, BERKEFELD Pilger oO. 

a0" 4 Cedar Street, ew York. 


furnished to solve 
Inventive Problems 
Develop Ideas or for 
Experimental Work 
ave your waste 
' material utilized, 
> your ores assayed, 
; or other products 
analyzed. Expert advice in chemical, elec- 
| tro-chemical or chemico-iegal matiers. 
| Established 1856. Correspondence confidential 


MARINER & HOSKINS, 


CHEMISTS AND ASSAYERS, 
81 Clark Street (top floor). CHICACC. 


| Perfect Picture! 


ew ne wihost Gepicel, 
lensea, sunlight or w 
der. Carried in vest-pocket ready 
| for instant use day or night. A beau- 
— fivisbed picture every min- 
. ete apparatus, with im- 


wa'sd 8 BAC Cs 
New York Clin 


Promoters 


















Scientific Awerican. 














SECT CT PPPS OPOCPOCE SH? 


Tretadilished —1988.— 3 
’ 

PRefer by permission 2 
P to Blar Oo. Bank, J 


+ 


a 
7+ 


EN: WOMEN 


homes by a uew eprieme! & Sol uanthod 


6. fF 


M 






4444-64666464-6-464666666646465-6666466666 
PRCT TT eres 


o ire EW method wil & bee 'Si6 | 
ro EARN 38 T0154 Weel 







thy a a 
A. GBI 


L. A. GEIP?’, German Artist, Perwre OSs 
PPPOE SOS SOS Se POO OEE OPEC Tee eT ee 








+tbt4444 
SHOT TEES FHFF+FFHEOEHOT HOS 


+. 
> 











— AINS = j Beut_Hicctric Bel Gut com? 
. o. P _aaaaall, cir. free 
) eve ory wddrese 
ELECTRICAL | m.if ay ytd pen Hanger’s 
SUPPLIES. ito a Re Fm my acteated, Se, 
c. @. Le ee 216 So. Clark St., Chicago. ti. 








MOOSE-HIDE "MOCCASINS, 
(CHAMOIS TANNED) 
Prices: 
Men's Sizes 6-11. 
Ladies’ an) ve Sizes 36... 
Youths’ and Misses’, 
Pizes 1-1. $1.75 
‘ Gatieren' Ss L} at 2 ~ a 


wn weRe 24 ‘SCHLDERS, 
bean, ta. 

Week elso have these Moceasins in Slippers, handsome 

ods, in sizes and at prices as cuoted above. Bither kind 

2 not « hy elogant, but sensible and comfortabie house 

‘or r youns as well ss old. Especially desirable 

and swollen feet. Money refunded if not 


| TELEPHONES 


Por Exchanges end Long Distance Use. Our 
improved Carbon Transmitter is very effect 
ive. HIGH GRADE iwstraments only 
manufactured by 


THE UNION ELECTRIC c0., 


16 HIGH STREET. 
__ CLEVE! AND, ©., I 


Zz) Gt SPECTACLES | 







S. A. 


ares oe Y-r- dpay 
. Send for catalogue, 
aoe free withevery 





Sample é 
outfit, F. &. BAILEY, Depe ¥. CHICAG®@, ILL 
FOR TH 
HOUSEK 


POULTRY MAN, FARUER, GARDENER AND 
KEEPER. — son's Pat, Machines. The 6.0 
Hand Bo - shell xen 4 rn Mill. The 







st Mii The Daisy Bone 

Cutter rhe Gem Clover Cutter. 
Power Milis. Fa mm Feed Mills 

ia for Cire ulars atta Testemonials. 


WILSON BROTHERS, 


Baston,. i’a. 


INCUBATORS 


Our 1 tinely illustrated 
20 Oombix od Pou. 


sultry Guide and 
+ ae Catalogue will tell pos wast ges 


wish to know # 


PROFITS IN POULTRY 
We manefactore a complete line of Inenbators, 
Brooders and Poultry Appliances we yt 
logue 300. (stam p= o7 «tiver) Worth ne Dolta 

Reliable Incubator & Brooder Co. ainey ills. 

















Cive ve Your # Honses | CLEAN Oats 


Kasper’s Self-Acting Oats Cleaner 


Over 15,000 now fn operation. Clean 
Oats means sowet hing more thana mere 
shuffle with a hard sieve. It will pay 
you to write for adeac ta circular to 

THOMAS w FIELD, 
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“0. K.” Dry Battery— 


— MANUFACTURED BY — 


Che Non-Polarizing Dry Battery Company 


347 WEST BROADWAY, NEW YORK. 


The Best, Cheapest, Most Convenient 
and Absolutely Reliable Electric Source 


The main effectiveness and utility of the “O. K.” Dry Battery, manufactured by The 
Non- Polarizing Dry Battery Company, lies in the fact that it consumes none of its 
power when inactive, as it has no local action whatever ; only when the circuit 
is closed does the ‘‘ O. K.” Battery consume its strength by the existence 
of a constant current. Electric Bells, Burglar and Fire Alarms, Telegraph 
aid Telephones, Annunciators, Door Openers, Railway Signals, Me- 
dica] Apparatus, as a'so for Electric Gas Lighting and Illaminat- 
ing, and for any purpose where a strong, durable, and 
quickly recuperative battery is needed. 
ee Write for Mustrated Cirewlars ond Terms. 


AMERICAN $8 TYPEWRITER 


For four years absolutely without a competitor, being 
the first and only «Standard Made” Typewriter sold 











at a price in keeping with its cost. 
Send at once for our «“[lidsummer Opportunity” 
and handsomely illustrated catalogue. 


AMERICAN TYPEWRITER CO., 267 Broadway, New York. 
esire Steam and Water t Valv 
‘UATEST it IMPROVED. 





VALVE” AND 1 DiSC FACING DEVICE DEVICE 


“a "H. “SMALLEY & & “CO, ee AURORA, "iLL, ou ‘S.A gag 


HUXLEY'S 


I neers and 
Insures the 


| VALUABLE 


| RUHMKORFF 1 
ted. Their 


PRACTICAL B ©) Oo K Ss. 


JUST PUBLISHED. 


SHor KIn«Ks. bor Gi Oteee-. 40 pages, 222 
pena i ihaste egy ai T. Usher. 32 


me ENGINE Cagnomeny. Price ghar Setmahe 
moEE AGREE ARENT Rte Grn 
COMPLETE 


SIMPLIFIED. 

y Saas. 
ow TO 4 SUCCESSFU ICIAN. $100. 
ANDARD ICAL DICTIONARY. Price, $3.00. 


*," Any of the above books sent free on receipt of price. 
NEARLY READY. 


Gas, Gasoline and Oil Engines. 


By Ganpenn D. Hrscox, M. E. 


400 Pages. Price, $2.50. 
This book treats prehensively 
sively of American makes of Gas, Gasoline and Ol ee 


2 and should be in the hands of all in 

~— in the subject. — err 
Send for descriptive circular of the above. Our cata- 
MN py ny en h—my 


Norman W. Hentey & Co., Puatisuens, 
128 To 132 NASSAU STREET, NEW YORK. 





Appieby's s Telegraphic Code. 99 pages, 
NOTES ON peyote Way i MATERIAL. 
m telaying, poin' 

M.I 

31 sien, ie 


with chapters on 





... IMPROVED... 
Fertiizer Mixine —: 


.. FOUR SIZES... 
Capacities From 20 to 150 Tons Per Day. 


C. H. DEMPWOLF & CO., York, Pa. 


THE NEW STEVENS SCRIBER, = 


Easy to hold. , tempered. In beauty 
and usefulness afi ornament to every mechanics’ 
kit, .—__SEND FOR BOOK. 


J. STEVENS TOOL CO., - P. 0. Box 280, CHICOPEE FALLS, MASS. 


eS ELECTRIC MC AND 
ECTRIC MOTORS, | = 


Our 10 to Ee ECT are pronounced 
ae in use, igh grade, compound wound, eee | Sar 


gs, nigh efficiency and great reaeinst 
ae — own lighting, ‘omP $ were So Pe: ire gE Getetegue and Prices. 


ROTH BROS.& G0..Mfrs., Sa Market St Uhicago,II.U. 8.A. 
—<—KYANIZING PLANT —s» 


. FOR THE... 


PRESERVATION OF LUMBER. 





















Sole Owner and Man ~ 1 
39? Wagasn Aye tu. 
~ 2OD0TS, 
World's Fair, 1283. 
Any number columns 
wht -y° , mental eort. 
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New York. 
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seorchir "“e, mo odor. 
Bares abo: 7 ‘aod fueland fits any stove. 


rake te mine We of ae ex. 
in one town rite ( f =), 
iad DER NPG, ¢ 








Before Buying a New Harness, ‘ound 2c. 
stamp for iilus. catelegue giving full de- 
scription of Custow Hand-made Oak 
Leather Barvess. Soild direct to consum- 








ors at ebolessle prices. We pay the fght 

ad he sy Ree So. Mfrs... te “hureh St., 

_..Y. oe Sena fi w catalogue 8. A. 
i, Mlustrated 

Magazine. 

Devoted to thove who wish to 
PLAN, BUILD or BEAUTIFY their HOMES. 
Contains Designs and Pans of Moderate Cost Houses, 
Arrangement of Grounds, Decorations, etc. 


One year $1. 3 months Tic. 
AMERICAN HOMES PUB. CO., KNOXVILLE, Tern. 


FOR SALE. A omAh i, SPECIALTY 
SUSINESS, 
Articies are of general use, fll a spectal tela, cannot 
be imitated, and se!: readily at a good prefit 
tieotara, address H.C. L.. care of FP. O. Box 8. ’ how 
York 


THE NEW ROCHESTER 






FOR HOMES 
FOR STORES 
FOR OFFICES 
mr any place where Hight is 
wante ci q ers or out, 
for this beautiful 90 


£931.50 candie-powrr lamp. 
i. larops,. 5.000 of them, at 
prices to suit your purse. Art 
catalogue free on application. 
Address Dept. BA. 

THE ROCHESTER LAMP CO., 


42 Park Pi. & 27 Barciay S$t., 8. ¥. 





Mia = “Piptoma, 


srviee. Thorough and Splendid equi pment, railroad facilities. 
Prompt tervice. a~- TA careful trestment. Send V4 ware dooder circular K. 











KEEP THE HEAD COOL™* Brsiea.m7° 


is entirely free from Suge tho host an6 ctulipere commen to the ordinary pery pillow, 






Comfortable as Pillow with 
to how c Pree, Uphoistered_in Fine Fei Aéaice 
nize, 2 220, 83 S3.0¢; Child’s = 
ne gas. 30. Couch Size, ty f price. 






Geeta oars MFG. CO., 108. Stir ‘14. Noble St., Phila., Pa. 


BEM,Y’s 


Manure Spreader 
16 Years on the Market. 
imp roved for 1896. 


8 any kind of 
acre and does it better than ‘en ifa ros ’ 
spends ten pouss on — the casbine will 4 do in Sue Fe 4 
minutes, party subject t 


approval one" will furniah 
of responsi bi lUustrated catalogue 


ng 
1 est alam facta 
ena of anure — oe in the Werld. 














KEMP y BURPEE MFC. COMPANY 
Box 102, Synacuse, N. Y. 


w catalogue. 
SPON & CHAMBERLAIN, Pubs., 12 Cortlandt St., 





Encyclopedia 
Britannica 


Rio ARE TT eer ArER 
mage aed ihr and the new 





199 Madison S&t., 








SILVER LAKE 
SOLID BRAIDED 


covers OUSH CORD = BEST 
noon isso CHEAPEST =a 


SILVER LAKE COMPANY, 
BOSTON, MASS. 
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Scientific American. 
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side Page. ench insertion - - 75 cents a line 
-k Page. ench insertion - - - - $1.00 a line 
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No. 3 Power Press 
- Sire stenalutaing lots 

work. gas 

raat ae ayo a 

is in. ne oe S ened inch thick. 


se" i Pier Oweular P. P. Address 
SPRINGFIELD MACHINE TOOL CO. 
Southern Ave., Springfield, 0., U. S. A. 
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rs’ experience. 








Witte iron Works Co., 1207 Walnut St., Kansas City, Mo 


THE CURTIS 
seen 8 Soe sa. oreee SEPARATOR, — 


from steam, and 

a’ megs crete a it cannot get back 

iT rw tia. separate grease and sediment 

Gran’ oa at terval ‘and ike” godiment 

wh nm 

removed. §@” Send for Circular 8. EB. 

D’ESTE & SEELEY CO. 

_ 29-33 Haverhill Street, Bosten. 











Machinery and Macbine Supplies 
for Machine Shops. " 


Hill, Clarke & Go. 


160 Oliver &., BOSTON. 





16 8. Canal St., Chicago. 








BICYCLE e e 
REPAIR OUTFITS 


‘or TAst 23. Miustrated 
ont tools for stamp. 


FRED FRASSE CO. 
21 Warren Street, New York | 


Large and Small 


mechanical tools, implements, and appli- 
ances of all kinds are fully described in 


“A Book of Tools.” 


A BOOK OF TOOLS is the 
most complete catalogue ever 
issued. 550 pages and over 
2,000 illustrations. Prices are 
given. 

A copy of this book sent, 
postpaid, to any address on 
receipt of 2% cents in stamps. 


CHAS, A. STRELINGER & CO. 
Address Box 12%, Adv. Dept. DETROIT, MIOH. 
THe Cospurn PaTent TROLLEY TRACK 


HOUSE DOOR 
HANGERS ~+ 


The first made with adjustable track. 
The track can be put up in 90 minutes. 
3” Send for Book. 


The Coburn Trotiey Track Mfg. Co., Holyoke, Mass, 
For Bicrycte MANUFACTURERS 


QUINT’S 
TURRET DRILLS 


Arranged for Tapping with from two 


A. D. QUINT, 
4 Clinton St., Hartford, Conn., U.S.A. 
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rs Senay. aor eentanen tots why 
MASON STEAM PUMP | 


CAN'T HANG UPL | 


This can be said of no other pump. 


THE MASON REGULATOR CO. * ‘soswes, Saar 
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ADJUSTABLE 

“S$” WRENCH. 
Strong, 


P. 0. Box 1400, 


GAS ano GASOLINE 





Bur Tevernones_+ 


que Are Good—Not “Cheap Things.” 
aan Se in cost is little, We guar- 


and guarantees our ow 
tomers t suits. Oar guar 
i are both geod. 
sot estern Tel ne Construction Ca. 
250 Clinton Street, CH70AGo0 
Large Mann) oe ens, in the United States 


TELEPHONES 


{% Long or Short Distance Use. Also 

or Warehouse Telephones. Sent 
on trial to. an partion. Soild thou- 
sands during the last two years. every 
one a success. 


G2” Send for Circular and Tesiimonials. 


Julius Andras & Sons Go. 
TuULWAUKEE, WIS. 
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AUTOMATIC LAMP. 
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178. 17cb &., Racine, Wis, 


The Chicago ams at Gasoline 
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cet. ‘Has no 


Physical and School Apparatus 


THE THERMOPHONE 


A new instrument for 
Measuring Temperatures 
Mine Says Faso fnSnoe 


E. S. RITCHIE & SONS, 
BROOKLINE, MASS. 


MANUFACTURED BY 
J. J. NORMAN CO., 
#&“A” South 8t., 
CHICAGO, ILL. 
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if you want the best CHUCKS. buy Westcott’s 
Little Giant Double Gri 
Drill Chucks, Little Giant 
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gree Drill 
= xf 
ee 


Lathe 
Combination Piain 
Chucks, ucks. 


Inde 
Wescott Chack Ce,., neida, N. Y., A. 
Ask for catalogue in ormay 
stentglonte im ngliah, French, Spada or rz: 
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Gasoline Engine Builders, Box 418, LANSING, MICH niversal i 





DORMAN’S 
VWULGANIZERS 


are used all over the world. z 

Exclusive Manufacturers of Steam Ma- * 

ines for Rubber Stamps. We a'so make 
Heat Com 





all a 
Die Sin ing ofall all kinds, * tab lab 


THE J. -. Ww. DORMAN co 
121 E. Fayette St., » Baltimore, Ma., U. 


Lidgerwood Hoisting 
Engines._+ 


300 STyLeEs ano Sizes. 
Over 12,000 In Use. 
Ga” Send for Catalogue 
LIDGERWOOD MFG. CO. 
96 Liberty Street, New York. 


WIR WIRE 


Automatic wire fo Sorming maspine departmen? is in 
charge of R. C. Menvilie. 


Machinery for making sheet metal goods. 
THE WATERBURY MACHINE CO., 
P. ©. Box 1028, 
WATERBURY, CONN., U.S. A. 











Machinery for making 
any articies from 





Reamers have an Adjustment of 1-8 Inch. 


STANDARD TOOL CO,, CLEVELAND, 0., U. 8. A. 





wine MINING MACHT HY gt 


lorks, Dept. C, 650 Elston Av. Chicago,! 


$12 MECHANICAL DRAWING SET 


GIVEN WITH OUR MECHANICAL DRAWING AND SKETCHING COURSE. 
(By Our Erricient CORRESPONDENCE System.) Price, $25. 


Best tO vuita, on our courses i ELECTRICAL ENGINEERING, STEAM ENGINEERING AND MECHANICS. 


CATALOGUE Free. 
INSTITUTE POR HOME STUDY OF ENGINEERING, - 














46-47 Blackstone Building, Cleveland, 0. 











NICKE!| tj SENSITIVE DRILL 
Apparias and Matera. A tool adapted for light drilling. 


Constructed specially for the use 
of Bicycle Manufacturers. 


oc. N. CADDY, 
West Center Street, Canastota, N. Y. 


SYCAMORE CASE fick: Fempered’ Wutes 


TS 
& VanWinkle 
FF pteriny Mg ee 2 *. 
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HARVEY HUBBELL 
Machinery and Tool Mfr. 
Impreved Tapping Machines 


CREWS | 


Machine Screws sade ~ eng purposes. 
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or. Sawyer Teel Coe., Athol. Mass. 


— Narrow 





pRipcEront, CONN, 


IDEAS } DEVELOPED. Absolute secrecy. Send 

for particulars. Advice and suggestions free. 
Correspondence and sampie orders solicited. Models, 
Pan aE 6 te. Gardam & Gon, 0% John &t., N. Y. 


THE DEFIANCE St RCHME WORKS 
; Rs rag, ona OHI0.U S.A. 


, OF SPECIAL 
OD WORKING 


MACHINERY 


LARGEST4 INE IN THE WORLO. 
| Sand Belt Machine BOVag aa Ne UT haat 











From { to 40,000 Pounds Weight 
a nd Hearth, Chester or Bessemer Steel, 


True to Pattern. Sownd. Sol 
GEARING OF ALL KINDS, CRANK 


Nv 
CASTINGS “Ss ucntes rom” 


etc., for Locomotives. Steel Castings of every description 
CHESTER STEEL CASTINGS CO. 
Works, Chester, Pa. Office, 409 D Library St., Phiia., Pa. 


Motors, Dynamos 


WE MANUFACTURE ALL SIZES, 
FOR ALL PURPOSES, 
LOWEST PRICES. 
Tilustrated rowtese and full 
information sent free by mail. 
CARD aay MOTOR 


WAMO CO., 
667 Bourse Site, PHILA., PA. 
Self- 


Patent Improved Lubrening Fifth Wheel 


FOR ALL VEHICLE 
Used and indorsed by ay car- 
Lower half t« com- 
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WE SELL DIRECT TO 
PURCHASER. 
of us and save 
on. 











> ; 
ky TE AOE a 
Poo" Fi ripecrs’ Hooks, TH w York. 


Rlectrical Fs eeearz. «Meee, Wort. 
Portable X Ray Apparatus 
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grinding any 
Catalogue, 
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GRA — “TONE COMPANY, 
No. 8 River Street, GRAFTON, 


DO YOU GRIND ANYTHING? 


If so, send for our Circular of . . . . 
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Cheap, Durable. Never Dressed. 
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The Hanson Hydraulic Ram 


more effective with d given supply 
100% is and head of water, than eny F her 
F. F. 8. w MANSON, 176 Center St., 


te Rookk Sree. 
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thy ‘A. HAN SON, 


LARK.S 
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ESTABLISHED 20 YEARS. SCHOOL OF OCCULTISM. 
Per Rypnotism, Mesmerism, asd Persous! Baynetism. 


— in classes or by correspondence. 

Hundreds a men and women are stndying these scien- 
p= pend our direction. developing their latent powers 

. shing what would otherwise be impos ble. 
cian’s > usefulness enbanced a bundredfold. 
, ailing, and sick cured. Success in bust- 

This knowledge not only in- 
e but fortifies SS de- 
‘and un principled a Inte: ing ithus- 
We. Circulars free. Address the Principal, 
DERSON, 8. BA 198, Masonic Temple, Caic AGO. 


TRIUMPH DYNAMOS AND MOTORS 
Multipolar and Sipolar. 
For use in mills, factories, ware- 
houses. and small and large 
lighting pata, ban of merit: 
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«THE HAMMOND TYPEWRITER CO. 401 East 62d Street, New York. 


Why Were Typewriters [nvented? 


@he Record of the 


American. 


To produce Typewritten work Faster, 
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SPEED—26 words a minute. 


with 
TOUCH— ~Ldgbs, stastie. ws key depression 


WORK — Equal to a handsomely printed page 
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Typewriter 
Patent 


This company owns Letters 
Patent No. 558,428, issued April 
14, 1896, covering broadly all 
machines in which the cylinder 
turns up to expose the line of 
print, or in which a duplex or 
cross ribbon feed is used. The 
patent also covers many other 
features of modern typewriter 
construction. Infringers will be 
vigorously prosecuted. 


Wyckoff, Seamans & Benedict. 
327 Broadway, New York. 
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The Name “HUNTER”... 


never was put on anything that wasn’t first-class. 
That name bas stood for simple, plain, unvar- 
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-» HUNTER CYCLES 
&” Send for Catalogue. 


HUNTER ARMS CO., Fucron, N. Y. 
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TO BUSINESS MEN 


The value of tne SCIENTIFIC AMERICAN as an adver- 
tising medium cannot be overestimated. Its circulation 
is many times greater tnan that of any similar journal 
pow published. Jt goes into all the States and Territo- 





more than to see his advertisement in a printed news- 
paper. He wants circulation. This he has when be ad- 
vertises In the SCIENTIFIC AMERICAN. And do not let 
the advertising agent influence you to substitute some 


lecting a list of publications in which you decide it is for 
your interest to advertise. This is frequently done for 


the papers having a smal! circulation than ts allowed on 
For rates address 
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neither fades nor peels 
under the action ofsun and 
rain. Whether you're going 
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paint a mansion, use 


atton’siz.Pain 
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**MUNSON’’ TYPEWRITER No. 1 


A machine, 
Awarded The "Munsoa™ No. 1, World's Columbian Bepesiinee 


THE MUNSON TYPEWRITER MFG. CO., 
235-244 W. Lake Street, Chicago, IN., U. 8. A. 
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HENRY CAREY BAIRD & CO. 
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Practical Books for Practical —_ 
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The BA LL NOZZLE as 
lawn Sprinkler. 


It’s SIMPLE, THE BALL DOES IT ALL. 
© back pressure. Nothing to break. Always in order. Cheap and effective. Made only by 


AMERICAN "BALL NOZZLE COMPANY, 831 BROADWAY, NEW YORK CITY. 
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for inventors. 
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men in the choice of a career. It will give 
anyone, young or old, information that will 
enable him to comprehend the great im- 
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<estions for hours of instructive recreation. 


Send for illustrated circular and 
complete table of contents. . . . 
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Westcott Chuck Co 
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Whitney Mfg Co 

Wilkinson ‘ 

W tison Brothers 

Wiison Bar Drum Mfg Co 
Wilson, J. A.. Mig. Co 

W ison Laundry } Mact.inery Co 
Winger. &. B 

Winship Mfz. Co 

Winsiow Broe. Co 

Witte Lron Works Co 
Wolverine Motor Works 
World Refining Co 

W ycko?, Seamanos & Benedict 
Wyman @ Gordou 
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ent fine finish, and leaves the wood 
iprare the full he full lite of 


No Extra Somemen No 
Oo 
aT ge a Re 


The use of Wheeler Patent Wood Filler sb ar interior woodwork 
y pone so that 
od 80 se Wheeler, 


> wood is develo No other 
or * ae S the same ma 
Leone) By exterior or interior of a house, Lape p Lithogen Silicate 
Paint should be used. It stands where lead and oil fail, and outwears an any other paint. 
Architects end ownem in Shel own fea tore accor one epmted ont tn full, end enamine bills 


References— Most of the leading architects Sole manufacturers of the above articles. 
THE BRIDGEPORT WOOD FINISHING CO., New [lilford, Conn. 
New York, 240 Pearl Street. Chicago, 215 E. Lake Street. Boston, 85 Oliver Street. 





UNPARALLELED RESULTS! 
UNEQUIVOCAL SATISFACTION! 
UNEQUALED TESTIMONY 
TO AND From THOUSANDS OF USERS or Tue 





Charter = Gas = and = Gasoline = Engines 


In Stationary, Portable and Traction Form. 
3 USED By SANY ONE 
CHARTER CAS ENCINE CO., 
Station A, STERLING, ILL. 
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“The Quality of Experience” 


Cycle 
Prices 


Pay $100—you have a Columbia—the 
result of 19 years’ experience. 

Pay less—you have experiment, at your 
expense—the result of competing 
doubtfulness. 

More Columbias each successive year. 


Catalogue of Truth, free at Columbia agencies 
—by mail for twe 2-cent stamps. 


Pope Mfg. Co., Hartford, Conn. 
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TS WANT? ron FINE TOOLS meveryspop The $5 ~20 


<i" CHLBESLY & CO. 
Peta aaFET- oi engine) POCKET KODAK 
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gine using a Ui. -Prankiin Enstitece 





and Convenient. Chosen by 
Nine Governments. Used for 


Pie MAN EGG Tncorp ‘PniLADELFHIA, PA. At 4 Prit 


COAL BILL BIC AGAIN? Faiz #2: 
INDY.STEAM TRAP! fiefs bk 


— Gaps, 

Pianos Tools 
fs pe Am pow) Sone other avtiene 
Lists free Curcace Scauz Co , Chicago II. 














per le 
A. mee INC CO., 66-68 Centre St., Ne N. ¥. City. 
us| 60008 AND IDEAS ARE AMERICAN pend com direct tall treks With woes rer mee and Ge. 
Ine plan in ‘TT. Here ie pattern we ca) Masterpiece.” If ink and paper could show hed stee! and 
abining pear! as ier wuula be anhappy until he ne ownes the knife shown in this a {t is the 
best knife that ean one highest grade of razor steel, file t . Warranted. strong enough for 
un anything, fine for a quill pen, 2 ounces. 3 biades. Price, with ebony handle, rites ivory, : 
, choicest . $2; postpaid. 
113 Less 26% in dozen We 
% awe 400 — ay for 
ao “ How to Usen Rasen? Ger 
128 s 
Razor, Se.; 
br So. Strep. Se.: lather 
| ae & 5 
8, 40 A ek Shou co 


THE W. P. DAVIS MACHINE CO. 





ENGINE LATHES, rom 12 to inch swing. 
UPRIGHT DRILLS, frswtwice's. Grane 


Also KEYSEATING AND CUTTING-OFF MACHINES. 
ROCHESTER, N. Y¥., U. 8. A. 
Send for Circulars and 


Beisrow’s Recording Instruments. 


Pressure Gauges, Vacuum Voilt- 
momevers, make 


aa ky 











2 May: for themselves, 
Bend for Otrew- 


chart Waterbury, Conn. 


hardest kind of toll known, 
The makes it 
easy, is as in- 
~ a, and relieves 


Whe des'tsou you get one 
Write for 


FELT & TARRANT MFG CO. 
62-56 |Lumors ST.. Cricaco. 


“ECLIPSE” Sit ¥ide"Seinrnven, 


The only practical device for the 
Je a moderate cost. Gives 




















HALF A CENTURY OF ores —AN 
interesti poses, of the cycle from its origin ap to the 
present t he first crank-dri bieyele. The 
pome-sbaker” its successors. tricycle. The 
modern wheel, Cycie building a science. Points of im- 
open. = The pneumatic tire. A hand and fogt cycle. 


in SCIENTIFIC AMERI- 
CAN SUPPLEMENT, No. 101:2. Price 10 cents. To be 
bad at this office and from sll newsdealers. 








“Write for our nendoone BEARDSLEY 
style Poster. Sent free on applica 














The 

American 

Bell Telephone 
Company, 


} 125 Milk Street, 
Boston, Mass. 


This Company owns Letters- 
Patent No. 463,569, granted 
to Emile Berliner Novem- 
ber 17, 1891, fora combined | 
Telegraph and Telephone, f 
covering all forms of 
Microphone Transmitters 
er contact Telephones. 
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MUNN & CO. 361 BROADWAY NEW YORK @ 
PRICE 10 CENTS. 
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“ff OUTLASTS THEr ALL.” 


That's the highly descriptive trade-mark of the 


Caligraph e 
Typewriter 


and it meansthat it is more durable, because 





botter made, more permanently satisfactory 
because easier to operate, and more lasting in its original perfection. without costly 
repairs, than any other typewriter made. The excellence of the Caligraph Typewriter 
is being proved daily by many thousands of well satisfied operators all over the 
civilized world. 

Dlustrated Catalogne for 1896 sent free on request. Ask also for sample book of 


Typewriter Papers. 


AMERICAN WRITING MACHINE CO., 
Mat’ y | Broadway Bank Bidg., New York. 
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a peculiar method of heating 
hese gates were made by Che Winslow Brothers Company, | the iron. Our “* Bower- 
and exhibited at the W By where they Barft’’ process furnaces are 
first prize for workmanship and design. Chey are the most complete in America 
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are not the property of the German Cmperor, as 
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| PIEDICINAL POWER. 


THE POLAND SPRING HOUS 
THE PHENOMENAL PROSPERITY OF THE POLAND SPRINC HOUSE 
Is An Undeniable Testimonial to the True and fiysterious Virtues of 


POLAND WATER 






















An Enviable Record. Sales of Poland Water | 
FIRST water ever known to exceed the COMBINED 
eliminate Renal Calculi SALES of all the 

from the system. Saratoga Springs. 


THIS WATER is shipped to | 
Every Continent. 

The DEMAND is a 
constantly Increasing one. 

Its PATRONAGE is gained 
by TIERIT, and is 
consequently lasting. 


THE POLAN RING HOUSE 


THE MOST succerre ut eT IN THE WORLD. 


a the best we have ever seen.” | 
WHY ? Hectore say; Because (table ang Stee, aoapied wen b the purest of airandbestof | 


ONLY water in competition 
with the world to receive 
Award and [ledal at the 
World’s Columbian 
Exposition for 

GREAT PURITY and 


performs marvels of berefit Sealemsted sos ial jeader, after evenson *s round of 
duties, or Suties, or the bas business man, who ts oe epot, Health, i Rest and Pleasure. 
Geipecs Bens be it is boniee Taboos placed ! A’ Poem of ‘Dngurpasced Ev changing! Ever beautifal.’ 
sine-s pares Soe more ct, Pest. Soanfore ¢ of the city, perfect saniiation 
Het ime of ug ee sereeaers State Building, with its Free Reading Room, Library, | 


or Send for Souvenir and Illustrated Circular, with Full Description, Testimon’als, etc. 
ter York Once: | HIRAM RICKER & SONS, Incorporated, | Serer | 
3 Park Place. SOUTH POLAND, MAINE, U. S. A. Stree 





reported in the newspapers. 


X= Ray-=- Apparatus 
of All Kinds, 


For Professionals and Amateurs. 44s 


(1) Ruhmkorff Coils 
‘ (oil immersion type). 
| (2) High Frequency Sets 


(for alternating current). 


fe A © (3) Modern Holtz Machines 











| (7) Calcium Tungstate. 


Comp plete Outfits 





For X Ray Work 


/} Our Thomson Universal 

Double Focus Tube is pro- 
nounced by experts the most 
efficient tube ever made for 





ey mate with Thomson nivereal Tube on ’ ineb 


acre ienn eee eee the production of X Rays. 
It is the only tube made that provides for adjustment of vacuum. 


Our Ruhmkorff coils of the larger size are of the oil immersion type, 
# thus insuring the highest degree of insulation. 


Miniature and Decorative Lamps and Electric Signs. 


EDISON DECORATIVE AND MINIATURE LAMP DEPT. 
4 s& o& HARRISON, N.J. 2 # st 





GALVANIZED IRON. 


The best is Apollo. Soft, uniform, workable. 
Rolled just right; no buckling; perfectly flat. 

The worker is at his best with it. Takes less 
time besides, 

Every sheet and part of a sheet guaranteed. 
Which means: Return for any defect whatever. 


Apollo Iron and Steel Company, Pittsburg, Pa. 





PURE READY- MIXED PAINTS. 


E desire to call attention of consum- 
ers to the fact that we guarantee 
our ready-mixed paints to be made 

only of pure linseed oil and the most per- 
Pp ts. They are not “ Chemi- 
ca Rubber.” * “Patent,” or “Fire-proof.” 
¢ use no secret or patent method in man- 
ufacturing them by which benzine aud 
water are ae to serve the purpose of 
pure linseed oil. 


Senden peg ees ow desirable 
FINE VARNISHES. 
Hard Oil- Finish and Wood Stains. 








Amélie Rives, Louise Chandler Movlten. Clara Lontse 
Burohoam, eae tverett Hale. Julin Mawr uder, Julian 
Hawthorne Eduar Fawcett, Mrs. Poultney w, 
Herbert D. Ward, Cleveland Moffett, Maria Louise Pool, 
und many others contribute to the Summer numbers. 
er sale by all a nqwedeaere. Be. a a copy, by = Somes 

. & Year, 
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‘TMassasoit Paper rlfg. Co., 


+ Manufacturers of . 


-cIRST#CLASS#LEDGER,# LINEN#*AND*BOND 
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Screw Cutting Tools, Beach Chucks, 








MILLS OF THE MASSASOIT PAPER COMPANY, HOLYOKE, 


And wt All vt Grades Jt of wt Flat 3% and t Ruled, 8 Tub-Sized, vt Loft-Dried. 
Great care taken to have Goods Uniform in Quality, and to have all orders filled promptly. 





W. S. HILL ELECTRIC CO. 


NEW BEDFORD, MASss. 


Cc. S. MENDELL, Manace 
Manufacturers of strictly high grade 







FOR ELECTRIC LIGHT, 


SPECIAL ATTENTION PAID TO DESIGNING 
SWITCHBOARDS. 


ESTIMATES FURNISHED ON APPLICATION 


» SWITCHES AND SWITCHBOARDS 


POWER AND STREET RAILWAY WORK. 


SIND FOR CATALOGUE. 








Milling Cutters ans Special ighoeess 


FACTORY : 
New Bedford, 


Mass. 
STEASI 


THE THE DU LSOM ETE PUMP 


“"The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED, OVER 20 000 IN USE. 


RECENT IMPORTANT IMPROVEMENTS. 


The Handiest, Simplest, and_ Most melons Steam Pump for General Mining, Quarryin 
lroad, Irrigati ne, De Coal-wash ing, Tank-filling, Paper Mill, Sewer and Bridge ( on- 
’ Purposes, eto” Muddy or gritty liquids handled without Injury to the Pump 


Duceematen Steam Pump Co. 


Catalogue on Application, Correspondence Solicited, 


135 GREENWICH STREET, NEW YorK. 


No Smoxe 














R. 





No Dinar. No Noise. No License. 





SPECIAL OFFER ; 


Mention the SCIENTIFIC AMERICAN and the num- 
ber of this offer (No. 7) and write to us, and we will 
send book describing our lamp and agree to sell you 
one lamp ora pair at lowest wholesale price (very 
mucb less than retail price). 

We want agents everywhere. We give agents a 
Sampie Lamp Free under certain conditions. 

If you want agency, mention SCIENTIFIC AMER- 
ICAN and ask for ful! particniars. 


R. E. DIETZ COPPANY, 
77 Laight Street, New York. 
MO OSESTABLISHED 184 


oOIETZ. 


Driving Lamp 


IT is the only perfect 

iT WILL yor BL Low 
NOR JAR OUT. 

IT gives a Aske, Maite light. 

IT fs like an engine bead light. 

IT throws the light straight 


¢ 17 bare Eeceene, ahead from WO to 300 ft. 





» barns kerosene. 





TERASTLVAMA vial WORKS COMPANY, 


BUILDERS OF THE 


- AND.. 


for Stationary and 
Marine Service 


&®™ Catalogues and Prices on. application. 


Address, 50th Street and Lancaster Avenue, PHILADELPHIA, U. $. 





Launch with 9-1. H. P. “Gi using roper.y of 
F. F. Milne, island Heights, N.S. 
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Established 1870. 


ad 


JOHN BOLAND, Presivenr. Incorporated 1890. 








[Hooney § Bjoland Petective Aleney 


IT PAYS! 








the name of one stands forth con- 
spicuous. It is the original standard 
make ofsingle-tubesythe tires whose 
speed and durability have won the 
whole world to single-tubes. Wt vt 
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MINNEAPOLIS: 
Guarantee Loan BioG. 


NEW YORK: 


_ 130 Broaoway. 
R. J. Fenws, Gen't Manager. 


CHICAGO: 


Security Buitdina. 
W. J. SuTHERLAND, Gen’l Manager. 


es se 


Do you believe that your patents are being infringed upon, 
or your trademarks counterfeited, or imitated? If so, we can 
protect your interests. 


Have you reason to believe that any of your competitors 
are seeking to learn your business secrets, or that any of your 
employes are disloyal? If so, we can aid you to ascertain the 
truth, 





The highest ethics of the legal profession governing the 
relations between their clients and themselves has been our 
standard for more than a quarter of a century. 





Our clientele embraces many of the largest corporations in 
the country, including Railroads, Manufacturing Companies, 
Banks, Trust and Insurance Companies, Members of the Bar, 
Merchants, and others; also the United States and Foreign 
Governments, 


es FS & 


INVESTIGATIONS UNDERTAKEN IN ANY PART OF THE WORLD. 


CORRESPONDENCE SOLICITED. 
ad 


E. FoRTWANGLER, Supt. 


IT PAYS 





You can have Hartfords on 














MORSE TWIST DRILL & MACHINE ¢0. 





Assco.uTe.y Sar 
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“@LOBE” GAS —_—- == 
GASOLINE ENGINES 
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Run Your Files 
—-—by Steam Power? 


= 


wy 


+ 
The Tanite Emery Wheel is a rotery file which runs a mile a minute and whose cutting points 
& never grow dull. What the circular saw ts to the hand saw, the Tanite Emery Wheel is to the file. He 
who equips his workehop with suitably mounted Emery Grinding Machines yokes steam engines to his 
a, tiles instead of men 
The Tanite Emery Whee! was invented in 1884, and its widespread advertising created a furor for 
&, the Solid Emery Wheel. But what wae true of the Tanite Wheel was not true of all makes; and what 
was claimed for the Tanite W hee! could only be attained when that wheel was prope erly selected, 
a, operly m¢ eueed und properly used. Thus mounted and used, a Tanite Wheel 14 x 154 has ground off 
ihe, 12¢ oz. of cast iron in 90 minutes, while an expert filer in the same time only removed 5% oz.; and 
b aeTanite wie 2110 x1 has er und off 6 Ibs. of cast iron in 16 minutes. On saw steel the Tanite Eme ry 
Wheel has removed in a given period 1% times as much metal as the file. 
e\ The productive capacity of the Tanite Wheel as compared with other wheels and other tools is not 
a theory, but a demonstrated fact. Light weight machines, poor wheels and the substitution of wet 
«rinding for dry bave injured the repute of the solid wheel. Those who wish to secure that economy 
© which fret made the Tanite Emery Wheel a favorite should buy it now, in 1806, and buy with it that 
long time experience which attaches te it. 
* " 
“a Sf Fs AAA AAS 
“ ~ ~ ~*~ 
THE TANITE CoO 
“as - 4 A A et 7 
STROUDSBURG, Monroe Co., Pa., U.S. A. 
NEW YORK—161 Washington Street. CINCINNATI—130 East Pearl Street. 


LONDON—Thomas Hamilton, 90 Cannon St., E. C. 


| @" THE TANITE CO.’S GOODS MAY BE BOUGHT OF ANY EXPORTER IN THE UNITED STATES 
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Standard $ 
Typewriter © 5 


Began in 1874 the history of ai - 
writing-machines with its No. 1 Model, at 4 
first considered more as a marvel of novel- 
ty and ingenuity than as a useful device. o 
Thorough integrity of construction, un- § 4 
tiring energy in improvement, and un weari- 
ed enterprise in developing its varied 
fields of usefulness have made Remington 
history a record of continuous success. 





The No. 6 Model 
Remington... 


abundantly maintains and increases the 


high reputation of former models. It is 
the most pronounced success of a phenome- 
nally successful career. It contains 


Many Notable Improvements 


which materially increase the usefulness, 
convenience, economy and durability of 
the machine. 





THE STANDARD WRITING-MACHINE OF THE WORLD. 





SEND FOR ILLUSTRATED CATALOGUE AND BOOKLETS. 


Wyckoff, Seamans & Benedict, 


327 BROADWAY, NEW YORK. 


MANUFACTURED 
ONLY BY 





eee oo ewe or ore 


4Armstrong’s Pipe Threading |: 
and Gutting-Off Machines. 


“HAND OR POWER. SIZES {| TO 6 INCHES. 


de me ime 


DS 





New No. 1% Machine No. 1 Machine. 


These Machines will also thread and cut Brass Pipe. 





No, 2 Stock. 


Our Stocks and Dies are universally 
acknowledged to be THE BEST. 


Water, Gas and Steam Fitters’ Tools, 
Hinged Pipe Vises, Pipe Cutters. 
tar" Send for Catalog. 





Hinged Pipe Vise. 


he Armstrong Mfg. Co., Nev venomesss corre su. 
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| “Simplicity” 


Of Construction is one character- 


istic of Sterling Bicy- 
cles which has made 
them so popular—so 
famous. 

In their manufac- 
ture stress is laid not 
only upon STRENGTH 
and fineness of material, quality of workmanship 
and precision of detail, but ‘‘simplicity” as well. 


Then there are several features which contribute to 
Sterling success—-the Corrugated Hub, which admits 
of tangent spokes without bending, the Sterling Fork- 
Crown—a special feature which many makers are 
attempting to imitate—and others. 


If one would pa y a visit to the commodious Sterling 
factory, the truth of the famous expression— 


Sterling Bicycles 
“Built Cike a Watch” 


—would be apparent. Send for our Art Catalogue 
if you have not received one. 


Sterling Cycle Works 
Chicago 
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